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1.0 INTRODUCTION

The Hydraulic Transient Thermal Analysis (HYTTHA) computer program is
intended for use by designers with an interest in the thermal effects on

| the performance of an aircraft hydraulic system.

An aircraft hydraulic system is basically a power source connected %o
several loads. The main power source is the pump, while the loads include
components such as valves and actuators. The power is transmitted by hydraulic
fluid in the lines which connect the components.

The system can also be considered as several thermal sources and sinks.
The main thermal source is the pump while secondary sources include valves and
restrictors. The sinks include the atmosphere and structure external to the
sources. The HYTTHA program provides a tool for calculating the transient
thermal response of the system when a thermal source, such as a valve, changes
the flow demand in the system, thus changing system temperatures.

The program calculates flow rates, pressures, and temperatures throughout
the system, Initially input data are used to calculate steady state pressures
and flow rates asz input for an initial temperature calculation for the first
time increment. The steady state values are then used to calculate all line
temperatures for the same time increnent, and the line temperatures are used to
calculate all component temperatures. The program continues to calculate steady
state flow rates and pressures, and line and component temperatures for successive
time increments.

To use the program, the desigrer inputs data describing lines, components,
and system configurations. Since the sgmulated system 1s only as good as the

data, care must be given to providing the best data pcssible.

1.0-1
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In the steady state section of the program, the pressures and flow rates
are balanced throughout the system (for the previous time step temperatures) and
all state variables are calculated.

In the line section, the lines are divided into segnents. The temperatures
at the boundaries of each line cre predicted from stored information and the
temperatures of each successive line segment are calculated.

In the component section, the calculazed line cuta is used to calculate
the component fluid and wall temperatures.

After all calculations are completed, tac output is printed and plotted.
The designer selects the variables that are reguired is output tables or plots.
The output is essentially a time history of the selected variables.

Since the program calculations advance in uiscrete time steps, results
can be integrated into other simulations, if the coet 5. running can be tolerated.

This report is a technical descripti»-n of the HYTTHA Program. Included are
detailed listing of the main program and subioutines, and the theoretical basis
and assumptions made in the calculaticns.

Volume VII o. this report is a users matial which describes how the program

can be used, the method of data input, and :he interpreta®ion of the output.

1.0-2
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2.0 TECHNICAL SUMMARY

The HYTTHA program uses a building block approach which allows a designer
to solve transient thermal problems by combining existing hydraulic line and

compr:nent subroutines to thermally simulate hydraulic systems. This approach

allows the user to add special component subroutines to the existing component

< ibroutine library, as required.
For the analysis, the lines and components are represented by both wall
and fluid nodes, equations are written for heat transfer to and from each node,
and the equations are solved for successive time increments. The equations are
defined in a backwards difference scheme and include modes of heat transfer such
as conduction, convection, radiation, heat transfer due to mass transfer, and
temperature rise due to a pressure drop. The line temperatures are calculated
for one At and the results are used to calculate the component temperatures for
the same At. The component results are then used to calculate new line tempera-
tures and subsequently new component temperatures.
HYTTHA uses some basic assumptions and approximations throughout the
program. The assumptions are:
1. ihe emissivity of the materials remain constant, (0.3).
2. The atmosphere and structure temperatures external to the lines
and components are constant,
3. Each node is considered as a mass at one temperature.
4, The fluid exiting from a component is equal to the component fluid
temperature calculated.
5. A pressure drop across an orifice results in a fluid temperature
rise (DCAPT). A percentage (D(PERC)) of the heat goes directly

into the fluid, and the remainder into the wall.

6. The interface conductance, between the lines and components, is infinite.

2.0-1
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7. The pump heat rejection D(HTREJ) is constant.
The approximations are:

1. The radiative shape factor (SHAPF) is .96

2. A default value for the coefficient of heat transfer (UFWIL) to and

from the external component wall to the atmosphere is 0.0069 WATTS/FT.2-°F,

which is that of still air.
The terms DCAPT, PERC, UFWIL, (convective heat transfer coefficient between
the fluid and the wall), SHAPF, and HTREJ are explained below.

DCAPT - The temperature rise in a fluid due to a pressure drop acress an
orifice is a function of the fluid temperature at the orifice. The oil is
essentially incompressible and energy extracted from the oil is assumed to be
negligible. Because of incompressibility, the specific volume may be considered
independent of pressure. A constant enthalpy process, which is insensitive to
pressure variations is simulated. The temperature rise across an orifice is:

T = (1/density) (High Pressure - Low Pressure)/(CJ*Cp)

n

cl mechanical equivalent of heat

Co specific heat of the fluid

(DCAPT is equal to T)

D(PERC )~ This cerm denotes how much of the heat, generated by a pressure
drop, is added directly to the fluid. The remaining heat is added to the wall
in contact witih the fluid. Normally D(PERC) is equal to 1.0 which means that
100% of the heat is added directly to the fluid.

UFWIL - This term is a coefficient for heat transfer between a fluid and

a wall., It is calculated by a separate subroutine, FUNCTION UFW.

2.0-2
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SUAPT -~ The radiation shape factor is defined as the "fraction of diffusely
distributed radiation leaving a surface Ai that reaches surface Aj" (Reference
9.1). Since components are completely enclosed by structure, the shape factor
should be equal to 1.0, but this does not account for that part of the radiation
from one component node which reaches another node of the same component. The
value 0.96 is used for the shape factor of the components.

HTREJ - This term is heat rejection associated with the pump. This term
includes the heat of compressica of the fluid and heat due to friction in the
moving parts in the pump. It is specified for many pumps, generally as a
function of R.P.M. and volume flecw rate. In the present pump model a constant
value is input by the user. From this value, 32.3% of the heat is added to
the exiting fluid, 25% is added to the pump walls, 18.7% is added to the piston
mass., and the other 247 is added to the case fluid.

To use the program, the designer inputs:

1. Dimensions ~ such as lengths, areas,and volumes.

2. Material Properties - the user indicates type and the program uses

tabulated values of Cp, P, and K at 100°F. The materials stored
in the program are titanium, aluminum, steel, and teflon.

3. Tnitial Temperature - the initial temperatures of the lines and

components are inputted.

4, Initial Flows - the initial flow quesses in the lines and components

are inputted.

5. Heat Transfer Coefficients - Several may be needed. These are

special for each subroutine.

2.0-3
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The output is either a table or graph of the time history of a component
or line wall and {luid temperatures,

It should be noted that the current maximum number of lines (MNLINE),
components (MNEL), legs (MNLEG), nodes (MNODE), plots (MNPLOT), and line points
(MNPTS) that can be input are limited in BLOCK DATA, Hence BLOCK DATA must be
changed if any of these maximum values are exceeded when inputting a system.

These are defined in Section 3.2 in the manual.
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3.0 MAIN PROGRAM

The main or executive program section of HYTTHA is named THYTR. THYTR
controls the flow of the program, and keeps track of the counters for the
time variables. The block data and fluid suproutines are also included in
this section.

The HYTTHA program is very similar in organization to the HYTRAN
(Hydraulic Transient Analysis) computer program. Many of the subroutines
in HYTTHA have HYTRAN counterparts and function in the same way.

Some cost savings can be made by the use of overlays or segments.

The implementation of these devices is left to the individual user.

3.0-1




J.1 THYTR PROGRAM

THYTR is the main or executive program of HYTTHA. The program flow is
directed from THYTR. The main program card is set up to rezd from a flle
called DATA. This may be changed to suit the user's own data inputting scheme.
Extensive use is made of common and equivalences in the program, so care is
required in modifying vartables that are contained therein.

A flow diagram of the main program is shown in Figure 3.1-1. In the first
section of THYTR, the general system data is input. This deta is printed out
and a call is made to the fluid subroutine. In TFLUID the values of bulk
modulus, viscosity and density are tabulated for the inputted fluid type. Next
the TLINEA subroutine is called to read the line data cards, and to initialize
the appropriate variables. Likewise TCOMPA reads in all the component data
cards and calls the component subroutines. The TSSDATA subroutine is then called
to input all the steady state leg and node information.

In the next section IENTR is set to zero and a call is made to TCALC to
calculate the steady state flows and pressures throughout the system. The
TLINEA subroutine is called to initialize the line temperature based on the steady
state flows and pressures. TSTOKE reads_all the output data requirements and
stores the user selected output data just calculated at time= 0.0.

The third section advances the time step by DELT. TLINEA and TCOMPA are
called to do the thermal transient calculations and the variables to be plotted
are saved by TS3TORE. 1If the sum of the time steps are less than the final time
TSCALC is called to compute the latest steady state flows and pressures and this

computation section is repeated. The program stops when the time exceeds the

final time specified in the fnput.

3.1-1
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3.1.1

3.1.2

The basic assumptions in THYTR are as follows:

(o]

3.1.3 Computation Methods.

Math Model.

Assumgtipns.

Flow is one-dimensional, that is, the fluid properties are constant

across any transverse cross section of the pipe.

Not applicable.

Plpes have circular cross sections.

Stresses in pipes are always below the elastic limit.
Pipe geometry is such that the "thin wall" case is valid.

Pipe and liquid are perfectly elastic (all energy dissipation is due

to shearing stresses at the walls).

3.1.4 Approximations.

THYTR approximations are those inherent in numerical analysis.

kept small enough by errcr control to be of no practical influence.

3.1.5 Limitations.

THYTR currently has the following constraints:

[o}

Temperature range ...

Pressure range ...

Max imum

Hax imum

Maximum

Maximum

Maximum

number

number

number

number

number

of

of

of

of

0 psia tn 5000 psia

Not applicable.

-65° to 300°F

components ... 99
Yines ... 150
legs .. 70
nodes ... 55
plots ... 60

3.1-3
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3.1.6 Variable Names

Variable

I

TFINAL

PRESS

TEMP

Y

Description

Counter

Number of transient iterations
Working Pressure

Working Temperature

Dummy Variable

311_[4

Dimension

PSI

°F
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Main Program Listing

PROGRA.t THYTR({DATA,QUTPUT,DN\TAL, TAPL5=DATA, TAPL6=0UTPUT,
+ TAPL7=DATALl)
* RLVISED AUGUST 5, 1975 ***
COWMHON DU (3500) ,VSTORE(6000)
CO:110N /TRANS/P(300),0(300),C(300),TC(300),TW(300),TF(300),
+ ACF(300),ACW(300),DXF(300),TIaE,DELT, PI,NLINE,NEL
COuuON /LTAIT/UNLINE , iINLL, aNLEG, INNODL, ANPLOT, sINLPTS, 11DS
CO.idlON /COMP/LTYPE{99),NC(99),KTEMP(99),IND, IENTR, INLL
COu.iON /FLUID/ATPKLS,CF,CPFI, FTEAP, PKOP(13,3)
COw.10N /PLCT/TITLE(20), PLTDLL,NPTS, TPOINT, ISTLP, TFINAL, NLPLT(61,3)
+ ,NA3SY, NTOPL,NTOLPL

RLAR(S5,470)(TITLL(I),I=1,20)
JWRITE(6,480) TITLL

ISTLP=0

PI=3.1416

TI:db=0.0

THIS RLAD STATLEAENT INPUTS THl FOLLOWING OATA
NLINE =Us3LR OF LINL3
NEL =NUuBLER OF COUPONLNTS
DELT =DELTA TIul BLTWLEN CALCULATIONS SLC
TFINAL=FINAL TIak HLC
PLTREL=DLLTA TIaE *iTWbeN PLOT POINTS SEC
RLAD(S5,133)NLINE, N L, DLLT, TFINAL, PLTOLL

3 FOROUAT(2I5,3E10.9)
wRITL(65,485) TFIMNAL,DLLT, PLTDLL
IF(DELT.EO.0) GO W3 251
WPT3=1.01 + TFINAL/PLTOLL
IPOT.T=0,5+PLIDLL/DLLT
IFINAL=0.54+TFINAL/JOLLT
Y=TFLIID(TLAP, PRLSS)

IENTR=-1
CALL TLINEA

INEL=0
CALL TCOmPA

CALL TSsSDATA

* THIS SECTINN CALLS TLINLA AND TCOuPA TO INITIALIZL ALL THE
SYSTEA VARIABLES TO THRIR STEADY STATL VALULS

TENTR=0
INEL=0

CALL TCALC
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150

(@]

OO0

251

479
480
495

.1.7 (Continued)

CALL TLINEA
CALL TSTORE
THLRAAL TRANSIENT CALCULATION SECTION

TLNTR=0
CALL TSCALC

TIlk=TTok+DLLT
ISTLP=I3TLP+1

ILNTR=]
CALL TLINEA
DO BLEGLAT CALCULATIOUS

IHLL=D
CALL TCO.iPA

CALL T3TORL

I® (ISTLP.LT,IFINAL) GO TO 150

stTop

CONTI'IUL

STOP 3100

FORPJANT(20A4)

FORGAT(141,25%X,2074,//)

FORGAT(20%,528 THL THLROAL TRANSILNT RLSPONSE IS FROa P=0.0 TO T=
1 F7.3,35i1 SECOJDS AT 'TTiE INTERVALS OF DLLT= ’

2 £7.5,//,30%, 48iLiT'TH OUTPUT POIJTS PLOTTLD AT INTLRVALS OF
3 F7.5,90 SLCOSDS  , //)
END
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3.2 BLOCK DATA
Block data is uséd to initialize values in COMMON/LIMIT/and COMMON/COMD/.
The maximum number of various Input values in COMMON/LIMIT/ are established using

the following data initialization statement

DATA NLINL,ANLL, INLEG, HANNODL , mNPLOT, JdNLPTS, ADS
+ /150,99,70,55,60,1500,4500/

Maximum and minimum values for each individual component are initialized

in COMMON/COMPD/ as follows:

DATA LT/100*%0/

DATA L11/11,4,0,4,0,0,4,2,0,0/
DATAY L1220/90*0/
DATA L?21/32,4, 0,
DATA L22/48,20,0
DATA L23/214, 2 0,
DATA 1,2439/%,12,
DATA L31/24,12,0
DATA L32/6,5,0 3
DATA L3349/80*0/
DATA L41/29,29,9,2,0,2,2,2,1,0/
DATHN L4250/90*%0/

pAra L51/36,30,9,4,0,5,3,3,1,0/
DATN 1L52/10%0/

DATA L5360/80*%0/

DATA L61/19,9,9,12,0,1,12,1,0,0/
DATA L62/24,18,0,9,0,2,5,2,0,0/
DATA L6363/60*0/

DATA 169/24,4,0,4,0,3,2,2,1,0/
DATA L70/193*%0/

DATA L71/24,18,0,10,0,1,2,1,0,0/
DATA L7280/906*9/

DATA L81/1%,4,0,2,0,1,2,2,1,0/
DATA L82/24,21,0,8,0,3,6,5,1,0/

DADA LQ390/80*0/

ODATA 1L91/0,3003,0,3.0,0,1,1,0,0/

DA'TA L9?170/90*0/

pAaTA L101/56,27,0,7,0,2,2,2,1,0/

DATA L102/32,21,0,6,0 2,2,2,1,0/

DATA LEND/430*0/

DATA PKOP/140.4,144,,165.6,230.4,230.4,242.6,229,3,121.3

1 ,118.8,115.2, llS.,,116.2,295.34,.]64,.16,.164,.101,.093,.098,.
2 101,.2%6,.28>,.292
3
4

5
’
5
N
'
'

r
7
’
!
3
0

;28,.287,.0775,.0174,.105,.093,.226,.197,.217,.21,.35,.17,.
23,.25,.21,.00354/

3.2-1
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In BLOCK DATA the material properties of thirteen materials are stored
in the PROP array in COMMON/FLUID/. The first column contains the specific
heat of the material. Column two gives the material density and the conductivity
is in coluan three. All the material properties are input for a temperature of
100°F. Since these properties did not vary greatly over the operating temperature
range of the program (-65°F to 300°F), these values are not temperature compensated

in the HYTTHA program. See Table 3.2-1 for a list of the material properties.

3.2-2
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TABLE 3.2-1
MATERIAL PROPERTY ARRAY
PROP(X,Y)
by MATERIAL SPECIFIC DENSITY CONDUCTIVITY
TYPE HEAT (X,2) (X,3)
(X,1)
1 Titanium 140.4 164 L1074
6AL-25N-4ZR~2MO
2 Titanium 144 .16 .105
6AL-4V
3 Titanium 165.6 164 .093
6AL-bV-25N
4 Aluminum 230.4 .101 .226
2014
5 Aluminum 230.4 .098 .197
2024-T6
6 Aluminum 242.6 .098 .219
6061-T6
7 Aluminum 229.3 .101 .21
7075-T6
8 Steel 121.3 .286 .35
4130
9 Steel 118.8 .286 .17
301
10 Steel 115.2 .282 .23
304
11 Steel 115.2 .28 .25
17-4 PH
12 Steel 115.2 .287 .21
A286
13 Teflon 295,34 .0775 .00354
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3.3 COMMON USAGE

One blank and nine labeled common statements are used in the HYTTHA program.
Their purpose is to share storage and pass arguments between the various subroutines.

1. Blank column is used to store output variables and pass steady state

information.
COMON DUN({3500) ,VSTORE(6000)
2. Common TRANS contains all the temperature, pressure and flow information
to be used by the lines and components. Also the current time, calculation

interval, PI, number of lines and number of elements are stored in this

labeled common,

COMAON /TRANS/P(300),2(390),C(300),TC(300),Tw(300),TF(300),
+ ACF(300),ACw(300),DXF(300),TId4k,OLLY, PT,NLINE,RLL

3. Common LIMIT provides the maximum limits on the number of components,

lines, nodes, legs, plots, line points and D variables.

COMAON /LIuIT/éNLI YL, aNLL, ANLEG, i IODL, mdPLOT, uRLPTS, vidb

3.3-1
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9.

Common LINE is used pass arguments concerning such line parameters as

inside diameter and temperature of each fluid and wall segment.

COmNN /LINL/PARN(150,4),TLW(2000),TLF(2009), LSTART(150),
+ NLSLS(150)
Commou COMP passes information on component types, numbers of active

connections, current component numbers and leg number.
COMeiON /COmP/LTYPL(QQ),NC(99),KT:HP(QQ),IHD,ILNTR,INLL

Common STEADY contains information used in the steady state portion of

all the component and steady state subroutines.

COundT /STrADY/PH(90),2N(90) ,PLX(90),PDLLG(20),2L(99),
+ DA, 05,01, PUP, PDOUN, GIODL ,NLEG,NCPN, TLRY,
+  LLGH, TCON, INV, TWK, INZ ,NUP(90) ,NDLWN(90) ,NELEL(90),
+ILLGAD(90),ILLE(1009)

Common ICC is used by the TCALC and TGAUSS subroutines in the

steady state solution process to pass matrix information.

TOentON /ICC/ICOL(SS,QO),JCL%T(SS),JRLJT(SS)

Common FLUID contains atmospheric pressure conductivity and specific
heat of the fluid, the system default fluid temperature and physical

properties of various materials.

COHLON /FLUTO/APPRLS,CF,CPFN, FPEN P, PROP(13,3)

Common PLOT is used t¢ pass variables for the plotting subroutines.

CO13.40N /PLOT/TITLR(ZO),PLPDLL,VPTS,IPOINT,ISThP,TFINAL,”LPLT(Gl,3)
+ ,NABSG, NTOPL,NTOLPL
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10. Common COMPD is used to pass variables used in component calculations.

nd

COmIMM /COAPD/ D(4500),L0(100),L11(10),L1220(90),0L21(10),L22(13),
L23(117),L2430(70),L31(10),L32(10),L3349(80),L41(10),L4250(20),
L51(10),L52(10),L5350(80),
L61(10;,L62(10),L6368(60),L69(10),L70(10
,7230(90),L81(10),L82(10),L8390(80),L91(
L131(19),L17°2(10),LEND(480),LE(99,4)

+ + + o+ +

Y, L71(10),
10),092100(90),

The maximum input cimits of the program are set in BLOCK DATA. In order
to decrease auy of the limits, the initialized data statement in LIMIT must be
changed.
Note: The max’ im number of lines that can be input is equal to the dimension of
the P array divided by 2.

Array initializatinn for the components used in BLKDTA are as follows:

Array Location e Description

1 Number of real data points, D( )

2 Number of temporarv variables, DT( )
3 Number of double precisioa variables, DD( )
4 Number of integer variables, L( )

5 Not used

6 Minimum number of data cards

7 Maximum number of connections

8 Minimum number of connections

9 Not used
10 Not used
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3.3.1 Variable Nanmes

Variable
ACF( )
ACH( )
ATPRES
¢ ()
CF
CPFN
D(C )
DELT
DXF( )
FTEMP

ICOL( }

ICON
IENTR

ILEG( )

ILEGAD( )

IND
INEL
INV
INX
INZ
IPOINT

ISTEP

Array of cross sectional areas of the fluid
Array of cross sectional tube areas

Atmospheric pressure

Array of wall conductivity

Conductivity of the fluid

Specific heat of the fluid

Component real data array

Program time step

Array of distances from fluid node to interface

Fluid temperature

Computational array indicating rows and
column locations in a square matrix

Component connectior number
Subroutine entry point indicator

Array containing component and line numbers
identifying steady state legs

Address of the start of each leg in the ILEG( )
array

Number assigned to component by user

Current leg number in steady state computation
Dummy variable

Current element number in leg

Number of elements in a leg

Counter for number of pcints stored

Sum of time steps up to current time

3.3-4
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Variable

JCENT( )

JRENT( )

KTEMP ( )
LC)

LE (N)
LEGN
LEND( )
LSTART (N)
LT( )
LTYPE(N)
MDS
MNEL
MNLEG
MNLINE
MNLPTS
MNNODE
MNPLOT

NABSQ

NC(N,T)

NCPN
NDWN

NEL

Computational Arcay indicating number of filled
columns in a square matrix

Computational array indicating number cf filled

Description

rows in a square matrix

Dummy variable array

Component integer data array

Address of real data for component N

Dummy variable

Dummy array

Address of first segment of line N

Dummy array

Component N “ype number

Max imum

Maximum

Maximum

Maximum

Maximum

Maximum

Maximum

D( ) a
number
number
number
number
number

number

rray size

of components

of legs

of lines

of line points

of nodes

of plots

0 = normal plots
1 = plots magnitude

Line number attached to connection I of
component N, and temporary storage area

Number of constant pressure nodes
Array of downstream node numbers

Number of components input

3.3-5
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NELEM( ) Array of the number of legs and components in -
a leg
NLEG Number of legs -=
.
NLINE Number of lines input -
NLPLT(,1) Address of variable in P,Q,TC,TW or TF array -
NLPLT(,2) Line number =
NLPLT(,3) Coded input (1=P, 2 =Q, 3=TC, 4=TW, 5=TF) -
NLSEG (N) Number oi segments in line N -
NNODE Number of steady state nodes -
NPTS Number of plot points -=
NTOLPL Number of line plots -=
NTOPL Total number of plots -
NyP Array of upstream node numbers -=
P() Array of line end pressures PSI
PARM(,1) Line length 1N.
PARM(,2) Inside line diameter IN.
PARM(,3) Line cquivalent length IN.
PARM(, 4) Transition flow when multiplied by viscosity CIS
PDLEG( ) Array of external pressure drops PSI
PDOWN Downstream leg pressure PSI
PEX( ) Dummy array used in steady state section for -

external pressure calculations

PI Constant 3.1416 _—
PLTDEL Plot time interval SEC
PN( ) Array of node pressures PSI
PROP(,1) Material specific heat WATTS~SEC/LB-°F

: 3.3-6
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PROP(,2)
PROP (,3)
PUP

Q( )

QA

et

QL( )
QN( )
Qs

Ql

TC( )
TERM
TF( )
TFINAL
TIME
TITLE( )
TLF( )
TLW( )
™( )

VSTORE( )

Description

Material density

Material conductivity

Upstream pressure

Array of line end flows

Magnitude of flow

Array of leg flows

External flow at a node

Sign of the flow

Flow rate

Array of component temperatures at line ends
Dummy Variable

Array of fluid temperztures at the line ends
Final calculation time

Current main program calculation time
Program run title array

Array of line segment fluid temperatures
Array of line segment wall temperatures

Array of wall temperatures at the line ends

Array for storage of line and component variable

data required for plotting

3.3-7
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3.4 TFLUID FUNCTION

Function TFLULD reads in the fluid parameters and computes tables of
fluid density, adiabatic bulk modulus, and kinematic viscosity for the temperature

range of -65°F to 300°F. Data for three types of fluid are currently included

in TFLUID. They are MIL-H-5606B, MIL-H-83282 and SKYDROL 500B. TFLUID is dimensioned

to accept data on three additional fluids. The daca sourcés are contained in the
TFLUID function subprogram.

3.4.1 MATH MODEL - Not applicable.

3.4.2 ASSUMPTIONS -~ Not applicable.

3.4.3 COMPUTATION METHOD - The arguments of TFLUID require that the temperature

and pressure be input for any computation of density, viscosity or bulk modulus.

All the fluid parameters are dimensioned for nine input data points
and six fluids. Data statements are used to input the name of each fluid, the
nine temperature data points for each fiuid, and the bulk modulus and viscosity
data corresponding to the nine temperature points for each fluid. Only two
points are used for density input data since a straight line interpolation is used
over the entire temperature range for demsity calcilations. The values of specific
heat and conductivity are stored for each fluid type in the DCF and DCPFN arrays.

Next the system fluid typ=, initial temperature vapor pressure and atmospheric
pressure are read in. Default values are assigned when a Initial temperature,
vapor or atmospheric pressures are not assigned by the user.

Subroutine INTEPP is then called to estimate the fluid's viscosity and bulk
modulus values from -65°F to 300°F in 2.5 degree increments. The values of the
fluid properties are stored in DVISC( ) and DBULK( ). Viscosity is converted from
centistokes to NEWIS in the process. A pressure coefficient of visccsity is also

computed and stored in DCOEFF( ) for every 2.5 degree increment of temperature.

3.4-1




Finally TFLUTD writes out the fluid type and vapor pressure before returning

control to the main program.

ENTRY TFLUID

Whenever a value of bulk modulus viscoslity or density fs required by the
component or line subroutines a call is made to the TFLUID function through the
approprlate entry statement, with the current values of temperature and pressure.
For the bulk modulus computation the temperature is converted to an array
location in DBULK( ).

IV = (TEMP+65.)/2.5

DBULK(IV) gives the value of bulk modulus at the inputted temperature.
The value is then pressure corrected and returned to the calling program.
The process is similar for the viscosity calculation. Should the temperature
exceed 300°F the fluid properties are given at 300°F.

In entry RHO the equation of a straight line drawn between the inputted
density data poiuts is solved to obtain the density value.

3.4.4 APPROXIMATIONS .

1. The values of specific heat and conductivity are input at 100°F for the
different fluid types and are not corrected for any fluid temperature rise during
program exXecution.

2. The fluid property values of bulk modulus and viscosity are only accurate

to 2.5 degrees because of the table look-up feature.

3. For any fluid temperatures greater than 300°F the bulk modulus and viscosity value

will be given at 300°F.

3.4-2
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3 4.5 VARIABLE NAMES

VARIABLE DESLRIPTION
A Temperature Ratio
ABULK( ) Array for Ten Adiabatic Bulk Modulus

Input Data Points for Six Fluids

ARHO( ) Array for Two Density Input Data Points
for Six Fluids

ATEMP( ) Array for Ten Temperature Data Points
for Six Fluids

AVISC( ) Array for Ten Viscosity Input Data Points
for Six Fluids

B Viscosity Correction Exponent

COEFF( ) Array of Viscosiry Coirection Factors

DBULK( ) Tabulated Array of Bulk Modulus Values
for User Selected Fluid

DCF( ) Array of Fluid Conductivities

DCOEFF( ) Array of Viscosity Pressure Cerrection

Factors for User Select Fluid

DCPFN( ) Array of Fluid Specific Heats

DVISC( ) Tabulated Array of Viscosity Values of User
Selected Fluid

I,IEk Dummy Variables

IF Fluid Type Identi;ication Number

IFLUMN( ) Array for Fluid MNames

IK( ) Number of Input Temperature Points

IV Address of Tabulated Viscosity or Bulk
Modulus Values

PRESS Input Fluid Operating Pressure

PVAP Fluid Vapor Pressure

3.4-3
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VARIABLE

SLOPE

TBULK

TEMP
TFLUID,TJ,TVISC

Y1,Y2

DESCRIPTION
Slope of Density-Temperature Line
Dummy Variable
Input Fluid Operating Temperature
Dummy Varjiables

Input Density Data Corrected for
Operating Pressure

3,644

DIMENSION

LB-SEC2/IN4/°F

LB-SEC2/IN.
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3.4,6 Subroutine Listing

FUNCTTION TrLUID(ThaP, PRESS)
Ckx*x*x RLVISED JARCH 3, 1975 ***x
COu.ION /FLUTD/ATERLES, CF,CPFN, PTLwP, PROP(13, 3)
DIABNSION ATLIP(10,6),AVIZC(16G,6),ABULK(10,6),ARHO(2,06),
1COEFV(6),IR(6),IFLUNG(3,6),DCF(6),DCPFN(G)
DInENSION DVISC(148),DCOLFF(143),DBULK(148)

SLCOND 3SU3SCPIPT QALFLRS TO FLGID 'TYPL (IF PARAsETER)

RO NP]

NDATA IPLUN.G

1/81 FOR 1L, 9H-10-56068,9H '
2800 FOR IL,8H-4-332%82,8K '

38 FOR S¥Y,SHOROL 509,813 '

46*311 ’

53H , 8H . 28 J

DATA ATLGP /
1-65.,-490.,0,,50.,199.,150.,200.,250.,300.,300.,
2-65.,-49.,0,,50.,129.,156.,290.,250.,309.,300.,
3-4%.,-40.,0.,50.,190.,150.,200.,250.,300.,3909.,
436*1). /

RHO, BULK A%NY VISC DATA ARL FOR 0.0 PSIG ,

RHO DATA SOQURCL:
1-uDC RePORT A26856 DATLD 4/74
2-4NC REPORT A2636 DATLD 4/74
3-a0:3 2T DATA SULET DATLD 6/%7(DOUGLAS (1Y) @ANUAL)
NATA ARHO /
13.57L-5,7.63L-5,
28,49L-5,7.3L-5,
31¢6.3kE-5,8.9L-5,6%10./

OO0

2-LE PR T GLALILS FROS J...N00HAN DATLD 11/70
I-LETTLR 1D G.ALILS FRIG J. 4. JOONAR DATLD 11/79

NDOOOCO0

113.47L5,3.25:5,2.9L%,2,48L5,2.,0980.5,1.735,1.42L5,1.19L5,.93L5,
A.93LE5,
213.47%5,3.25L5,2.9L5,2.43L5,2.08L5,1.73L5,1.42L5,1.19E5,.93L5,
A.23LS,
334,26L5,4.05L5,3.645,3,15%L5,2.7E5,2.29L5,1.94L5,1.62L5,1.38L5,
A1.38L5,30*%19. /

VISC DATA SOURCL:

1-.4DC RLPORD A2635 DATLD 4/74

2-00C RePORT A26736 DATLD 4/74

3-AONSANTO DATA SHEL'L DATED 6/67(DOUGLAS HYD wiANUAL)
DATA AVISC /

o NO RS X NS

3.4-5
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’ 2JLK DATA SOURCL:
1-LL LR T G,ALISE FROAS J.a.NOOMAN DATLY 11/79
DATA A3ULK /
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(Continued)

11293.5,482.3,134.4,34.85,14.47,7.46,4.%8,3.19,2.39,2.39,
211446.9,2019.3,269.45,48.87,15.95,7.46,4.24,2.83,2.04,2.04,
33485.5,599.07,104,18%,27.9,11.7,6.5,4.18,2.89,2.15,2.15,
A3N*10,/

DATA IK/3*%9,3*%10/
XATA COLF®/,.335,.33,.42,3%10./
oATA NCY/.0017,.0023,.0022,3%0,0/,
+ DCPFN/S552,7,4A1.48,403,99,3*%0.0/
TNPUT FLUTD TYPL AND INITIAL FLUID fuLaP
RLAD(S5,333)IF,FTLaP, PVAP,ATPRLS
333 FOROAT(IS,3:10.0)
I+ INDICAT-3 TH4l FLUID TYPL
SET SY5TL.: FLUID TEaP 'Y DLFAULT VALUL
IP(FPTELP.LY.0,0) FleiP=100,
SLT Tdl VAPOR PRL3ISURL TO I''s DEFAULT VALUL
IZ{PVAP.LQ.0,)PVAPL=2,
ST TIL ATWOSPHLKIC PRLESURE TO IfS DLFAULT VALUL
IF(ATPRLS.LDLD.)ATPRLE=114.5

CF=RCF(IF)
CPFI=DCPUN{IF)
TI=-65,
DO 19 1I=1,1148%
CALL INTeRP(LJ,ATLAP(L,IF),AVISC(]1,IF),1]
+, IK(IF),TVISC,IeR)
VIsC IS CONVLETLD FuOd CRNTISTOKLS TN NLATS
NDVISC(I)=TVI3C*1,555L-3
CALL INTHRP(TI, ATLGP(L,IF),AVISC(]1,1F),12
+, IK(I®) ,COuFY(IF),InR)
DCOLFF(I)=COLFF(IF)
CALL INTLRP(1J,ATLGP(1,IF),ARULK(1,I7),20
+, IX(IF),T3ULY, ILR)
DBULK(I)=T3ULK
TI=17T+2.5
19 COIUL
TFLUIJ=TJ
AaRTTL(5,172) (BVIBC(I),I=1,143),(DCO.FF(I),I=1,148),
+ (D3ULY(I),I=1,1458)
12 FOrGAT(3X,17012.5)
S0 PO 20
LTHRY JULK
IV=(TLaP+55,) /2.5
IF(IV.GT.116)IV=146
TFLULIN=DIULK(IV)+12.*PRLSS
RETURN
ENTRY RO
WwRITL(6,13) TLaP,PRLSS
13 FORUND(3X,50*RID*,3X,2L12.53)
Y1=ARNO(Ll,IF)
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Y2=ARHOQ( 2, IF)
Y1=Y1*(1.+PRESS/2.5L5)
Y2=Y2*(1.+PRLSG/2.5L5)
SLO®PL=(Y2-Y1)/340.

TFLUIN=SLOPL*( TLAP+65.)+Y]

RETURN

LNTRY VIsSC
IF(A3S(PRLSS).GT.30000)PRESS=90000.

C WRI'TL(6,19) TLuD, PRESS,TV
Cc 13 FORHAT(3X,GH*VISC*,3K,2E12.5,110)

IV=("TLiP+565.)/2.5
IF(IV.GT.146)1IV=146
A=560./(TLiP+460,)

3=( (DCOLFF(IV))*"A)*PRLSS*2, 3t-4
TFLUID=DVISC(IV)*LXP(3)

RETURN

2n WRITE(S,GOO)(IFLUNJ(I,IF),I=1,3),PVAP
609 FORMAT(22%,13HFLUID DATA FOR A8, 25dWITH A VAPOR PKRESSURE OF

+F7.1,44 PSI,//)

RETURW

LND
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4,0 STEADY STATE SUBROUTINES

The steady state subroutines comprising TSSDATA, TCALC and LEGGAL pro-
vide the thermal transient section with the distribution of pressures and
flows in the system.

The steady state programs need to know how each constant flow path is
connected, where the flow splits and adds, and where there is a net dis-
placement or overboard flow.

This data is input after the component information. The input data
used gives great flexibility and is very easy to modi-y.

The steady state program can cope with system configurations that are
very complex and it is particularly valuable with closed loop systems and

intertwined flow paths.

4.0-1
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4.1 SUBRUUTINE TSSDATA

The TSSDATA subroutine reads the input data which specifies one system
configuration.

TSCDATA is a simple input routine, with very little calculation. The
data storage is divided into two sections; the basic leg data is contained
in the NUP, NDWN and NELEM arrays, and the elements in a leg are stored in
the ILEG array.

When all the data has been read in, it is written to the output so
that a check can be made for errors in each data field.

4.1.1 Math Model - Not applicable.
4.1.2 Assumptions - Not applicable.

4.1.3 Computation Method -

The first set of input data to be read ic the number of nodes, NNODE,
and the number of legs, NLFG. The data storage arrays are then filled
with the steady state leg and element information. The NUP and NDWN arrays
contain the upstream and downstream node numbers. The number of elements

in the leg is stored in the NELEM array.

The LEG element data is stored in ILEG( ) in data pairs. If the first
var~ 1s equal to zero, the second is the line number. 1If the first value
is nonzero, it is the component number and the second is the connection
number. There are ILEGAD(I) pairs of data for each LEG #I with the first
value stored at ILEG (ILEGAD(I)).

4.1.4 Approximations - Not applicable.

4.1-1




4.1.5 Limitatioqg -

previously inputed thermal crans
during the steady state célculations.

the need for inputing

inputed for the system compoaents,

4.1.6 Variable Names

Name

NCPN
NLEG

NNODE

Description

Do Loop Counter

Mumber of Elements in a LEG
Do Loop Counter

Address Couater

Dummy Variable

Number of LEGS

Number of Nodes

4.1-2

The steady state data is essentially a restatement of
ient data, in a form that can be followed
A sorting routine would eliminate

steady state data, by generating it from the data
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4.1.7 Subroutine Listing

SUBROUT L I, TSSDATA
Cr*x* REVISED AUGUST 5, 1975 **%*
COMJAON /CONP/LTYPE(99),NC(99),KTEMP(99),IND, IENTR, INEL
COmiiON /STEADY/PN(90),0N(90),PEX(90),PDLEG(90),QL(90),
+ QA,05,01,PUP, PODOWN,NNODE, NLEG,NCPN, TER#,
+ LEGN, ICON,INV,INX,INZ,NUP(90),NDWN(90),NELEM(90),
+ILEGAD(90),ILEG(1000)

*%%* READ Till. NUaBER OF NODES,LLGS,AND CONSTANT PRESSURL
NODLES,
RLAD( 5, 69 ) NNODE, NLEG, NC PN
69 FORWAT(315)
C
C **** WRI'TL OUT TdAL INPUTED DATA
C
WRITE(6,70) NNODE,NLEG,NCPN
WRITE(6,71)
70 FORMAT(1d41,55X,23iSTLADY STATL INPUT DATA,//,
1 30X,174NUMBLR OF NODES =,13,5X,16UNUMBER OF LEGS =,13,
2 5X,3SHNUH3LR OF CONSTANT PRESSURE NODBS =,12,//)
71 FORGAT(52X,25iLEG CONNLCTION INPUT DATA,
4 //,10%,6HLEG NO,9X,120UPST NODE NO,4X,12HDWST NODL NO,4%,
S 14HNO OF LLLaENTS,S5X,10HFLOW GUESS,SX,10HUPST PRESS,S5X,
6 10HDWS'T PRLSS)
K=0
C
C *¥**x RKLAD IWN DATA FOR EACH LEG
C
DO 200 II=1,NLEG
READ(S5,76)I,NUP(I),NDUN(I),JJ,L(I),PUP, PDONN
76 FORMAT(415,31:10.0)
WRITL(6,80)T,NUP(L),NDWN(I),JJ,QL(I),PUDR, PDOWN
80 FORMAT(10X,I5,10%,I5,10X,I5,10%X,15,9%,5X,F10,5,
1 5%X,F10.5,5X%,F10.5)
NELEw(I1)=JJ
JJ=3J*2
C
C READ LEG ELLMENT DATA
C

READ(5,199) (ILLG(¥®+J),.J=1,JJ)
199 FORAAT(16IS)
ILEGAD(II)=K+1

200 K=K+JJ
4RITE(6,90)
90 FORWAT(1H0,9X,30HLEG NO ELEJMENTS IN LEG~---)

DO 300 II=1,NLLG

K=ILCGAD(II)

JJ=NELEA(IT)*2-1+K

WRITLE(G,152)11,(ILEG(T),J=K,]J)
300 CONTIHUE

152 FOR;‘?AT(IOX,I:;,-/X,10(13,3” ——,I3,1H,),//,20)(,10(10(13,3“ —_113,1“’)

+,//+20X))
RETURN
END
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4.2 SUBROUTINE TCALC

Tne TCALC subroutine is responsible for the steady state calculations in

the system. TCALC is called from the THYTR main program. The subroutine will

compute the pressures at all the system nodes and flows in all the legs, using
pressure drop data obtained from TLEGCAL. Figure 4.2-1 is a generalized flow
diagram of TCALC.

On entryv into ICALC the first phase performed by the subroutine will be
to initialize the appropriate calculation arrays. After the initialization,
the computation phase begins. All the legs will be assigned conductance values
from the TLEGCAL subroutine. These conductance values, along with constant
factors, will then be inserted into two matrices. The TGAUSS subroutine will
be called to compute the new pressure values. These pressure values at the
nodes are then used to calculate the new flow rates for the legs in the system.
When all the flows pass the convergence test, the flows and pressures are
written to labeled common arrays and program control is passed back to THYTR.
If the number of iterations exceeds 50, the most recent calculated values of
flow and pressure are returned to the labeled common arrays and an error
message is printed.
4.2.1 Math lModel - The development of the TCALC subroutine to analyze com-
plex flow systems results from the assumption that all resistance facters in
a line can temporarily be assumed linear. The net flow around any node can

then be written as the sum of all the flows entering and leaving that node

T Qupy = O
If Rl2 is a resistance factor used to describe a resistance in a leg,
then R12 = APlz/le.

4,2-1
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Called by
THYTR

TCALC
Subroutine

Initialization Phase

Initialize Arrays
for any Constant
Pressure Nodes

Y

Entry TSCALC P Computation Phase

<

Call TLEGCAL to
Compute Conductances
for all Legs

Assemble Conductances
and Constant Factors
in Matrices

Call TGAUSS to
Solve for Pressures

y

Compute New Flows
for all Legs

rd

/ Al N

Flows in Legs
Converged

Store Flows and Pressures

'

Return
to
THYTR

FIGURE 4.2-1
TCALC GENERALIZED FLOW DIAGRAM
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where:
Rl? = Resistance from node 1 to node 2 of the leg
AP12 = Pressure drop from node 1 to node 2 of the leg
le = Flow in the leg
Conductance is then defined as:
1
G,, ==
12 R12
where:
G12 = Conductance from node 1 to node 2 of the leg
Then:
Q2 = %12 P12

The net flow at any node (where three or more legs come together) must be

zero.

Therefore, the flow requirement is satisfied if:

Ly 61y

Uhere:

Equations of the

at nodes. These

[Py = Py £ APpg) = I & Qpp = O

pressure at node 1

pressure at node J

a pressure rise or loss (from a pump or actuator) in leg IJ
fixed flow in leg IK connected to node I

above form are input to a matrix for solution of pressures

matrix solution pressures are used in conjunction with the

calculated conductance (G) to calculate a new flow guess in each leg. When

two suscessive flow guesses for all legs in the system are within a specific

tolerance such as .001 CIS, the solution has converged.

Refer to Appendix A

SSFAN Technical Manuzl, AFAPL-TR-76-43, Vol. VI, for a more detailed mathe-

matical development.
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. 4.2.2 TCALC Subroutine Description - The TCALC subroutine is divided into

two phases. The first phase deals directly with the input data for establish-
ing the system pressure node identification arrays. Six arrays are generated
which are used in the calculation of node pressures and leg flows in phase two.
Specifically, these arrays are:
JCOL:
1) Dimension(M,M)
2) The final JCOL array (in compressed form) identifies the columns
in a square CALCl array which are filled with non-zero terms.
The rows of JCOL correspond to the rows of CALCL, and the ele-
ments in each row of JCOL correspond to the column number in
each row of CALCl.

3) HNote: JCOL describes a square CALCLl array in order to be com-

# ' IDIAG:

1) Dimension(M)

patipble with the solution technique in TGAUSS.

2) The IDIAG array identifies which columns of CALCl contain the
positive flow values. IDIAG(l) corresponds to the column in

which the positive element is located in the first row of the

CALC1 array. 1IDIAG(2) corresponds to the column in which the

positive element is located in the second row of the CALCl

array.

3) Note: IDIAG describes a compressed CALC array.

4,2-4
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1)

2)

3)
INEG:
1)

2)

3)
JRENT:
1)

2)

3)

Y

Dimension (ML)

The JNEG array identifies which column in CALCl contains the
first appearance (in a row-by-row search) of the leg numbers

used as G-subscripts for negative elements in the CALCl array.
For example, JNEG(4) represents the leg to be used as a G-
subscript. If JNEG(4)=3, then the first time a -G, appears is
in column 3 of the CALCl array (the row number is already known).

Note: JNEG describes a compressed CALCl array.

Dimension (ML)

The INEG array differs from the JNEG array in only one respect,
that being the INEG array stores the second appearance of the leg
numbers used as G-subscripts for negative elements in the

CALCl array.

Note: The INEG array describes a compressed CALCl array.

Dimension (M)

The JRENT array identifies the number of non-zero entries in
each row of CALCl. 1IRENT is a duplicate of JRENT, however,
IRENT is passed Lo TGAUSS to be used in the solution process
while JRENT remains permanent. For this reason, IRENT is easily
built from JRENT for each iteration.

Note: JRENT describes either a square or compressed CALCl

array.

4.2-5
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JCENT:
1) Dimension(M)
2) The JCENT array identifies the number of non-zero entries in

each column of CALCl. TCENT is built from JCENT for every

iteration.
3) Note: JCENT describes a square CALCl.
To understand how Phase I works, the example system in Figure 4.2-2 is

developed below. A simplified flow diagram of Phase I is shown in Figure

4.2-3.
(12)
(2) (& (5 (8)
3
(1) (3) (6) €] (9) (11) a3 14)
le- -4 ° P
2 4 5 6 7 8 9 10
(10)
1 1 2
2 2 3
3 2 4
4 3 4 NUMBER OF PRESSURE NODES M = 10
5 3 5 - 1T -
6 i p NUMBER OF LEGS ML = 14
7 5 6
8 6 7
9 6 7
10 6 7
11 7 8
12 3 8
13 8 9
L4 9 10
ILEP ARRAY
Figure 4.2-2

TCALC EXAMPLE SYSTEM

4.2-6
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Fill JCOL with
No.’s at Non-
Zero Locations

v

Renumber JCOL
and Build
JRENT

v

Build JNEG
and INEG

v

Build JCENT
and IDIAG

v

Compress the
JCOL Matrix

v

Start Phase IT

FIGURE 4.2-3

4.2-7

TCALC SUBROUTINE PHASE ONE OPERATION
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I. JCOL is initially filled with non-zero terms to indicate tle«

positions of non-zero terms in a square CALCI.

1 2 3 4 5 6 7 8 910

11 1 t
» 211 3 2 3
okt | aees o
J = ILEP(K,3) 4 3 4 6 6
gy AL BRI
JCOL(I,I)=1I 6 7 10 10
JCOL(J,J)=1 7 10 11 11
8 12 11 13 13
9 13 14 14
10 14 14

II. JCOL is renumbered to provide for easy conctruction of JRENT. JCENT,

JNEG, INEG, and IDIAG.

[o— RENUMBER JCOL AND BUILD JRENT
DO 20 1=1,M
KOUNT=0 1 2 3 4 5 6 7 8 910
DO 35, J=1,M
JJ=4COL(I,J) 1 2
IF(JJ.EQ. ) GO TO 35 Jcor, =
KOUNT=KOUNT+1 212 3 4
JCOL (I,J)=KOUNT 3 1 2 3 4 5
35  CONTINUE
JRENT (I)=KOUNT 4 12 3 4
20  CONTINUE 5 1 2 3 4
6 1 2 3
7 1 2 3
8 1 2 3 4
9 12 3
10 1 2
1 2 3 4 5 6 7 8 910
: JRENT = 2 4 5 4 4 3 3 4 3 2

4.2-8
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II1. JNEG records the CALCl column containing the downstream appeavance

of the leg number as a negative element. INEG racords jis upstream

occurrence.

45

67
65

LOCATE ALL OF OFF-DIAGONAL ELEMENTS

DO 45 K=1,ML
I=ILEP(K,?)
J=TLEP (K, 3)
JNEG(K)=JCOL(I,J)
INEG(K)=JCOL(J,I)

BUILD JCENT AND IDIAG

DO 65 I=1,M
IDIAG(K)=JCOL(K,K)

KOUNT=0

DO 67 J=1,M
IF(JCOL(J,I).EQ.0)GO TO 67
KOUNT=KOUNT+1

CONTINUE

JCENT (TI)=KOUNT

1234567891011 12 13 14
JNEG = [234344433 3 3 5 4 3]

1234567891011 1213 14
INEG=[1T11212111 1 2 1 1 1}

12345678910
JCENT = [2 45443343 2|

12345678910
WIAG= [122332232 2|

4.2-9
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The JCOL elements are all left-justified, and their previous
positions are set equal to zero by the statement JCOL(I,J)=0.

This statement must precede JCOL(1,K)=J so that, in the event that
J=K, the compressed JCOL matrix contains its non-zero elements

in the proper location. ICOL can now be copied from JCOL and

be passed to GAUSS for use in the solution process.

12 3 4 5
. 1] 12
------ COMPRESS THE JCOL MATRIX
DO 70 I=1.M 2l 1 2 3 4
§§0=JRENT(I) 3] 2 3 4 5 8
DO 70 K=1,NN al 2 3 4 s
75 J=J+1 JCOL =
K1=JCOL(1,J) > 30456
IF(K1.EQ.0)GO TO 75 6 5 6 7
JCOL(I,J)=0
JCOL(I.K)=J 7167 8
70 CONTINUE 8 3 7 8 9
9| 8 910
10| 910
]
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Phase two operation of the CALC subroutine begins with initializing
thw conductance array - CALCl, and the constant array - CALCZ, to zero
values. (See Figure 4.2-4 for a flow diagram of the phase two operation.)
A call is now made to the subroutine TLEGCAL for each leg in the system.
TLEGCAL wiil return the value of conductance to the G array in the
unlabeled common.

After all the conductance values are calculated for each leg, they

must be entered into the compressed CALCl array. For the example system

the CALCl array contains:
C —mmmme BUILD CALC1 MATRIX
DG 9099 K=1,M
T=ILEP(K,2)
J=ILEP(K,3)
L=IDIAG(I)
LM=IDIAG(J)
CALCL(I,L)=CALCL(T,L)+C(K)
CALCL (J . LM)=CALCL (3 , LM)+G (K)
L=JNEG (K)
LM=INEG (K)
) CALCL (T, Ly=CALC1 (I,L) =G (k)
g CALCL (J . LM)=CALC1 (J ,LM)~G (K)
9099 CONTINUE
1 2 3 4 5
1 -G
6, 6, 0 0 0
2 [ , . -
Gl Gl+Gz+C3 02 G3 0
3 =y y G - - =
G,y G+, *¥64G, G, Gy G1o
/, - - _
4 c, S, G,16,15, S, 5
5 —G5 —06 GS+G6+G7 -G, 0
6 [, G, HCg*07C 0 Cg-0gC g 0 )
7 [G5CyCry  Ggtgtl oty = 0 0
8 'y B R A VA 0
? Gy G376, 34 0 0
10 “C14 €14 0 0 0
1 2 3 4 5
4,2-11
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Entry TSCALC
5>

v

Initialize CALC 1 and
CALC2 Arrays to Zero

<.

v

Call TLEGCAL

v

Assemble Conductances and
Constant Factors into the
CALCI Array

v

Solve for Pressures
Call TGAUSS

A,

Set Convergence Indicator
Compute New Flows
IFAIL=0

v

DO I =1, ML
ML = Number of Legs

'

I Flow = (PUpslream"pDownstream).GLeg

'

r Test Convergence

ABS (Q (IT) - Flow)
ABS {Fiow} + 1.

LE 0.001

——— . —— = e e e e

A

Ajl Flow In
Legs Converged

50
Iterations

IFAIL =1

Update Pressures and Flows

Call TLEGCAL to

v

Return to THYTR

Q(IT) = Flow
IFAIL =1
QUT)=(QUT) + Flow)/2
S
h 4
b —— Continue
FIGURE 4.2-4

CALC SUBROUTINE PHASE TWO OPERATION N
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. CALCL is built in this manner for each iteration. This compressed
form speeds the solution process.
The CALC2 array contains the constant terms of the system of
linear equations that describe the model. Constant pressure drops
in legs, external flows and constant pressure sources are all inserted
into this array. Any constant pressure source or pressure drop is nultiplied
by the conductance of the leg it is associated with. 1If leg (6) has a
pressure drop term - PDLEG(6), then PDLEG(6) will be muitiplied by
the conductance for leg (6) which is G(6), making the resulting term a
flow. Thus, all external flows have no multiplication factor.

With both CALCl and CALC2 filled, the TGAUSS subroutine is called

to solve for pressures in the system. The answers are returned through
the CALCl array and then put into the PN array which contains all the
system node pressures. Now a nev flow is calculated for each leg in
the system based on the recernt calculation of the pressures. The new
flow is equal to the difference of pressures between the nodes of the
leg plus any constant pressure drops all multiplied by the conductance
of the leg.

The solution for flows in all the legs are final when all the previous
flows (Q) and the latest calculated flows (FLOW) are within a specified
tolerance. For all flows if

ABS (FLOW-Q(IT))
ABS (FLOW)+1

< ,001 (1)

then the flows have converted.
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If equation (1) is not satisfied in each leg of the system a new value

of flow will be computed in each leg by the following equation:

Q(IT) = gilil_g_fkgﬂ (2)

These new flows will then be given to TLEGCAL for computation of new
conductauce values for another iteration. If all the legs do not

converge after fifty iterations, the cycle will stop and al. the current
values will be used as the steady-state variables. Before transfer is made
back to THYTR a last call is made to TLEGCAL to distribute pressure drops
and flows for the steady state conditionms.

4.2.3 Computations. The only direct computation made in the solution

of the steady state values in TCALC is the calculation of FLOW. The
purpose of this of course, is to establish an error tolerance in flows

that is reduced through iterations to mecet the convergence criteria

as discussed in the previous section. The majority of the TCALC subroutine
handles the bookkeeping necessary to manipulate the leg and node numbers

to compute svstem pressures and flows.

4.2.4 Approximations. The coefficients of the CALCl array are linearily

approximated to represent the system conductances. Inherent approximations
exlst in some of the constant data in CALC?,

4.2.5 Limitations. Most limitations exist in the areas of physical dis-
continuities. TCALC wasg written to solve a flow balance in a system,.

Any flow discontinuities that occur, such as in a simple unbalanced
actuator, must have mathematical formula to describe what happens to the
flow. TCALC also requires the leg pressure drops to be continuous over

a specified flow range. When this does not occur, as in a check valve, the

4.2-14
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proper input from the check valve subroutine must be fed to TCALC so

it may respond to the changed conditions. Refer to Appendix D SSFAN

Technical Manual for a more thorough discussion on the limitations of

TCALC.

4.2.6 Variable Names

Variables Description Dimensions
CALC1( ) Array of conductances --
CALC2( ) Array of coastants -
FLOW Latest value of leg flow CIS

I DO loop counter -

G Array of conductances CIS/PSI
IFAIL,1FLAG Indicators -
IL,IM Dummy variables --

INEG( ),JINEG( ) Arrays containing location of off diagonal -
conductance values

JECOL{ ) Computational array -
ITER Iteration counter -
1U,1v,J,3J,JL, Dummy variables -

JX,JY,K,KOUNT,
K1,2,LM,L1

M Number of nodes -

ML Total number of legs -

PN(C ) Array of node pressures PSI
PDLEG( ) Location of pressure drops or increases PSI
PEX Array of external pressure constants PST
QL( ) Array of leg flows CTS
QN( ) Flow gain or loss at a pressure node c1s

changed to an M matrix of constants

4,2-15
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4.2.7 Subroutine Listing

* k% %k

900

%1

6

30

SU3ROUTINL TCALC
REVISLD JULY 07,1976 **x%

DOUBLE PRLCISION CALC1,CALC2

COAmON G(90),CALC2(55),JPCOL(55,20),CALCL1(5S,20)
COlnON/ICC/ICOL(55,20) , JRENT(55) ,JCENT(55)

COAUON /STEADY/PH(90) ,QN{90),PEX(90),PDLLG(90),0L(90),
+ QA, 05,01, PUP, PDOWN, ¥, 0L, NCPN, TERA,
+  LEGN, ICON, INV,INX,INZ,NUP(90),NDOWN(90),NLLEX(90),
+ILEGAD(90) ,ILEG(1000)

DIAELNSION IDIAG(55),JCOL(55,55),INEG(90),INEG(90)
LOUIVALENCL(JPCOL(1,1),JCOL(1,1))

ARITL(6,900)

FORAAT(141,50X, 30HSTEADY STATL CALCULATION DATA )
DO 5 I=1,u

ON(T1)=0.0

PLX(1)=0,9

PN(I)=0,9

DY 6 I=1,4L
PDLEG(I)=0.0
DO 80 I=1,55
DO 69 J=1,55
JCOL(I,J)=0
20 19 K=1, L
I=NUP(XK)
J=NDWIN(K)

JCOL(1,J)=1
JCOL(J,I)=1
JCOL(I,1)=1
JCOL(J,Jd)=1

COITIVUL
~REMJeIZER JCOL AND 3BUILD JRENT
DO 20 1=1, 4

KOUlT=

RO 35 J=1,4
JI=JCOL(I,Jd)
IF(JJ.LD.9) GO 'TO 35
KOUNT=ROUIT+1
JCOL(I,J)=X00UNT
CONTINUL
JRENT(I)=X0OJIT
CONTIiUL
~LOCATE ALL THL OFF-DIAGONAL LLLMLNTS
D7 45 K=1,.L

I=31P(K)

J=3Dwil (R)
JNLG(R)Y=JCOL(I, J)
INLG(K)=JCOL(7T,1)
-BOTLD JCENT AND INDIAG
2O 65 I=1,n
ITOIANG(I)=JCOL(I, 1)
KOUHIT=0

DO 67 J=1,4




—

4.2.7 (Continued)

IF(JCOL(J,1).LQ.0) GO IO 67
KOUNT=KOUNT+]
67 CONTINUE
65 JCENT(I)=XOUNT
Crem—- COHPRLSES THE JCOL AATRIX
’ DO 70 I=1,n
NN=JRLNT(T)
J=0
DO 79 K=1,NK
75 J=3+1
K1=JCOL(I,.J)
IM(K1.EQ.0) GO TO 75
JiNL(I,J)=0
JPCOL(I,V)=J
70 CONTINUL
C (RITIALIZE CALC1 AND CALC2 ARRAYS TO ZiRO
LNTRY TsCALC
I TER=1
WRITE(6,919)
919 [FORAAT(//,24%X,10UFLOW QOULSS, 4%, 13HPRLSSURL DROP,6X,9HLLG DLLTP,
+ 9%,3HPUP,12X,5HPDOwN,9X, 11HCONDUCTANCL, /)
200 DO 220 Ll=1,as
B0 210 K1=1,29)
ICOL(L1,X1)=3
210 CALCI(L1,K1)=0.
PLX(L1)=0.0
ON(LL)=0.0
220 CALC2(L1)=0.
DO 221 Li=1,.L
221 PDLEG(L1)=9.,0
C CCIPUTEL G*3 TOR CALC ARRAYS
CALL TLBEGCAL
DO 9099 K=1,ML
I=NUP(K)
J=dMN(K)
L=INTAG(I)
La=1I0IAG(J)
CALCI(I,L)=CALCI(I,L)+G(K)
CALCYI(T,L)=CALCI(.T,L0)+G(K)
L=JHLEG(X)
Li=I+aG(K)
CALCI(I,L)=CALCI(I,L)-G(K)
CALC1(7,Lu)=CALC1(7,Li)-G(K)
9099 CONTIWNUL
DO 700 IL=1,55
DO 700 JL=1,20
790 ICOL(IL,JL)=JPCOL(IL, TL)
DO 400 JX=1,ilL
IF(PCLLEG(JIX).LD.0,.)G0 TO 400
JY=UUP(JIX)
CALC2(JY)=CALC2(JY)=-PDLEG(JIX)*C(JIX)
JY=4Dvn(JIX)
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4,2.7 (Continued)

CALC2(JY)}=CALC2(JY)+PDLEG(IX)*G(JIX)
400 CONTINUD

7§ DO 60 I=1,l.l

J=IDIAG(I)
CALC2(I)=CALC2(I)+)JN(I)

60 CALCY(I,3)=CALCI(I,J)+PLX(I)
WRITE(G6,2005)((CALCY(I,J),d=1,20),1I=1,M)
WRITL(6,2005) (CALC2(I),I=1,M)
WRITL(6,2004)((1COL(I,3),J=1,20),1I=1,u)

2004 FORMAT(1X,2016)

2005 FORGAT(1X,10L12,.5)
WRITL(6,2005)(PLX(I),I=1,m)
WRITL(6,2005) (POLEG(I),I=1,4L)
WRITE(6,2005)(QN(I),I=1,:)

CALL 'TGAUSS(4, ITLER)
DO 419 T.i=1,M

410 P¥(Iei)=CALCL(Tet, 1)
WRITL(6,9000)(PN(1),I=1,:)
WRITR(6,9001)

9090 FORWAT(L1id0,(5%X,14dNODL PRLSSURLS,2X,8F12.3,/))

9001 FORuAT(1HO0)

ITAIL=N
CALCULATL Wbw FLOw RATLS
DO 435 IT=1,uL
TU=dUP(IT)
IV=NDWN(IT)
A0LD=QL(IT)
FLOVi=( (PN(IU)+PODLEG(IT)=-PN(IV))*G(IT))
TLST NBLW FLOw RATLS
IF (N33 (FLOW=-00LD) /(ABS(FLOW)+1,).GT.0,0001)G30 [0 436
C RLCALCULAT: FLOW RATLS
QL{IT)=FLON
GO TO 435
435 AL{IT)=(Q0LO+7LOV) /2.0
IFAIL=1
435 CONTINUL

oNeXe!

[ONQN®)

@]

3

IF(IFAILLEQ,O0)GO 1O 520
IF(I LR, E9Q,.50)wRITL(6,999)
999 FORGUAT(1IX,44**** WARNING LXCLEDLD 50 ITLPATIONS IN TCALC,
+ 19H-PROGKA.. COHITIACING,//)
IF(IPLR.EN,50)C0 0O 520
ITLR=ITLR+]
GO TO 200
520 CONTIWNUL
=AXL A LAST CALL TG ALL LLGS T NISTRIZUTL PRESSURL
DKGPS AND FLOUS CALCULATLD FOR STLADY STATL CONDIPTIONS
DO 521 1=1,90
521 PODLLG(I)=0.0
CALL TLUEGCAL
RETURN
LND

OO on
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4.3 SUBROUTINE TLEGCAL

TLEGCAL is called by the TCALC to obtaln a leg conductance and
fixed pressure drops for a given flow guess for all the system.

The constant pressure drop such as that across a check valve, relief
valve, actuator, or pump, is passed via PDLEG(NLEG) in common/steady.

A positive PDLEG(NLEG) is a pressure rise such as at a pump, a negative
is a drop such as across a check valve. The leg conductance is passed
via G(NLEG) in common.

TLEGCAL obtains the line and component pressure drops by calling
all the elements in the leg. The leg conductance is computed by
dividing the leg flow by the leg pressurc drop.

A flowchart of TLEGCAL's organization is shown in Figure 4.3-1.
4.3.1 Theory

LEGCAL calls the elements in a leg to determine the pressure drop
for a given flow.

The leg conductance (inverse of resistance) is calculated from the
leg pressure drop, including the constant pressure drop value

G(NLEG) = QA/ABS(DELTP)

where
DELTP = PN(NUP(NLEG))-PUP+PDLEG(NLEG)

The conductance is always positive. Using this formula the conductance
value is flow dependent. It has to be updated whenever the flow guess
is changed.
4.3.2 Assumptions
The assumption that the pressure drop can be described using the
leg presrure drop is generally valid. 1If for some reason an element

in a leg cannot be described in this manner then a pseudo description can

4.3-1
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Continue
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FIGURE 4.3-1
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be used without loss of accuracy. This could involve generation a formula

of the form

1.75 2
D =
AF Kl + KZQ + K3Q + K[‘Q

wvhere Q@ = leg flow

The line and component subroutines would then provide the values

to the K K., and K, constants.

1 K20 Ky 4
4.3.3 Computation Method

The variable Ql, the new flow guess, is first split into its absolute
value and its sign, +1.0. The up and downstream node pressures for the leg
are taken from the PN( ) array.

Each element in a leg is called and the pressure drop through
the line or component is calculated and subtracted from the upstream
pressure, PUP. Once the entire leg pressure drop has been determined
the new conductance value is computed. The variables IND, and KNEL are
the component number and the connection number respectively.

The common variables INZ and INX are set equal to the number of
elements in the leg and the actual element that is being calculated respectively.
This allows particular component subroutines to determine which end of the
leg they are connected to, and hence which node is located at the component.

4.3.4 Approximations

The use of a formula requires some approximations but these are
usually related to approximations in the component model and are an integral
part of the component model. Tn general this method is good but it could

be easily extended to a higher order approximation if it was found desirable.
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4.3.5 Limitations

So far we have not found any limitations to the technique used

in TLEGCAL itself.

However, some of the component subroutines called by TLEGCAL

such as the bheotstrap reservoir,pump and actuators, are complicated

by the interaction between the flow guesses, flow direction and node

pressures.

Some of these subroutines use calculations which, though conforming

to the basic calculation technique, do not fall into any simple category

and have to be treated individually.

4.3.6 Variable Names

Variable Description
DELTP Line Pressure Drop

INZ Number of Elements in Leg

1 Address of Leg Data in TLEG
K Ith Element in a Leg

KNEL Component Connection Number
IND Component or Line Number

ML Total Number of Legs

PUP Flow Dependent Leg Pressure Drop
QA ABS Valué of Leg Flow

QT i.eg Transition Flow

Ql Leg Flow Guess

QS Flow Sign CIS

For variables in common refer to Paragraph 3.3.

Dimensions

PST




4.3.7 Subroutine Listing

Ch*xx

(@]

«

a0

200

(@]

917

(@ X!

[pKe]

C * k k

C
509

e

SUBROUTIVLE TLLEGCAL

RLVISLD AUGUST 5, 1076 ****

COritiON G(90)

COrliON /TRANS/P(300),0(300),C(300),TC(300),TW(300),TF(300),
+ ACF(BOO),ACW(}OO),DXF(300),TImu,DLLT,PI,NLINE,NLL
CONMON /COMP/LTYPL(OQ),NC(99),KTLAP(99),IND,ILNTR,INLL
COrliON /LINL/PARJ(150,4),TLW(ZOOO),TLF(2000),LSTART(150),
+ WLSLG(150)

CO.LION /3ThADY/PN(90),0N(90),PhX(90),PDLLG(90),QL(90),
+ 91,05,71,P0P, PDwN, o, L, NCPN, TERY,

+ LLGN,ICON,INV,INX,INZ,NUP(90),NDWN(90),NbLhn(90),
+ILEGAS(90),ILFG(100))

FIID THE SIoH OF Tii FLOw GULSS AND ITS A3SOLUTL VALUL

DO 200 NLEG=1,.iL

Teiu=0.0
Iay=] .

v, T T yE pTN N
21=GL(NLEG) m,{"‘é‘ poe PO ’{
DA=A3S(21) N0 ] B £ W' 3¢ 1 ISR PVRETINE WL

IF(0A.LL..N0302)0DA=,00001

Q05=5I3N(1.06,11)

CALCULAIL THi FORUULAL FOR THe LEG PRESSURE DROP
INEL=NLLG

INZ=dLLEM(ILEG)

INZ - 20 OF LLLJENTS IN A LG

INEL - LEG MUA3ER

PUP=Pu(NUP(NLLG))

PDuN=PM (MDA (NLEG) )
WRITL(6,900)NLEG, INZ ,RUP(NLLG) ,NDWN (JILLG)
FORUAT(10X,51190)

WwRITe(5,910)PUP, PDw, Q1
FORMAT(19%,5L12,5)

CALL LACH LLEMLNT I THE LLG

I=ILLGAD(NLEG)
DO 60 w=1,I.%
18X - CURRLAT =L.LabnT YO, IV LLG
TiX=X
IND=TLIEG(I)
KNLL=ILLG(I+1)
I=1+2
ICOi=RIEL
ICO3 - CONJECTION WO.
IF Tdb LLEALNT IS A LINE GO I 500
IF(INDLEQ.O) 30 TO 500
ZALL COAPL
30 TO 600

TUIS SLCTION ADDS THo VALUES IWDPO TYL FOKIULAE FOR 1wl LINLS

CONTINUL
LOC=KNLL* 2-1
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4.3.7

505

5913

600

50
200

&

(Cont inued)

LOCHN=KNLL*?2

wKITL(6,503) LOC,TF(LOC),PUP
FORLAT(3X,1113,2k12,5)
NT=PARG(KNILL, 4) *VISC(TF(LOC), PUP)
IF(QA.GT,.QT)GO TO 505
DLLTP=R0A*FRICL{KNLL,TF{LOC), PUP)

GO TO 593

OLLTP="RICT(KNLL,TF(LOC), PUP)*QA**],75
CONTINUL

P(LOC)=pPy?P

IF(PERI.GT.0,0)P(LOC)=TER:
PUp=pP(LOC)-DLLTP

P(LOCD)=PUP

S(LOC)=-01

D(LOCO =71

50 70 600

CONTINUL

DLLTO=PR(NUP(JWLEG) ) -PUP+TERN
C(NLEG)=0QA/ABS(DELT?)
WRITE(G6,50)dLLG; 01, PDLEG(NLLG) ,DELTP,PN(NUP(NLLG) ),
+ PN(NDwJ(NLLG)),G(ULEG)

IF(INV.EQ.0)70 TO 290

PODLEG(NLLG)=0,9

FORuAT(13H LLs n0 ,1I3,5F16.5,L20.8)
CONTI UL

QLITRN

kN
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5.0 LINE SUBROUTINE

5.1 SUBROUTINE TLINEA

TLINEA simulates a line or pipe connected to two components. It divides
each line into segments, the length of each segment being not less than the
volume flow rate times the time step divided by the cross sectional area of
the fluid. The subroutine calculates the wall and fluid temperatures of each
line segment.

The values of the flows arl pressures in the line are calculated by
the steady state subroutines.
TLINEA is called by the main program at the beginning of each
new time step and uses the latest values of pressures and flows, to
compt*e line segment temperatures.
5.1.1 Math Model - The line is represented by n numbzr of segments. Each
segment consists of two nodes, one fluid and one wall, and the end segments are

connacted to components as shown in Figure 5.1-1.

<<

< \ < N N N\ '
WEANMRAAT I

Fow —— TLF TLF / / TLF TLF .

ALY, - Rttty

N-1 N
\ 2
\  Upstream . Downstream
Component Component

A S

14

0 1 2 // (/ N-1 N N+1

2 NNNINNNNENNNNNWNNZZ

Zeroth Line Segment

FIGURE 5.11
LINE NODE REPRESENTATION
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The line calculations are conducted as follows:

The

attached

For the c¢

The component wall and fluid temperatures are predicted for the
present time step. TC and TF equal the component wall and fluid
temperatures of the last time step and TCO and TFO are equal to
the component wall and fluid temperatures of the 2nd to last time
step. The predicted wall and fluid temperatures are computed as:

TCpP

]

TC*2 - TCO

i)

TFP = TF*2 - TFO

A zeroth linc segment is assumed to exist (upstream of the first
line segment) having wall and fluid temperatures equal to the
predicted component temperatures.

As shown in Figure 5.1-2, the predicted temperatures of the zeroth
segment and the previous time step calculated values of the second
segment are used to calculate the new temperatures of the first
segment.,

The new temperatures of the first segment and the previous time

step temperatures of the third segment are used to calculate the ncw
temperatures of the second segment. This continues until the n-i
segment temperatures have been calculated.

The n+l line segment is assumed to exist (downstream of the nth line
segment) having wall and fluid temperatures equal to the previous
time step calculated values of the component.

The new temperatures of the n-1 line segment and the previous temp-
eratures of the n+l line scegment are used to calculate the new
temperatures of the nth segment.

math model for the line includes heat transfer to and from components

to each line ¢nd as well as to and from individual segments of the line,

alculation six nodes are considered: three fluid nodes and three wall

nodes as shown in Figure 5.1-2. The temperatures of the J-1 wall and fluid nodes

FLOW |
B e . .

TLW(J-1) TLW(J) C O TLW(IHL)

NSNS AU AL

v

i
TLF(J-1) ! TLF(J) b TLR(a+1)

AUV N NNNNNANNN

FIGURE 5.1i-2

LIRE SEGMENT NODE REPRESENTATION
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are TLW(J-1) and TLF(J-1), the temperatures of the J wall and fluid nodes are TLW(J)
and TLF(J), and the temperatures of the J+l wall and fluid nodes are TLW(J+1) and
TLF(J+1l). 1Two heat transfer equations are written to solve for TLW(J) and TLF(J),
using the line material properties and dimensions, the atmosphere and structure
temperatures external to the line, and TLW(J-1) TLW(J=L), and TLF(J-1). (Note:
TLF(J+1) = TLF(J), see assumptions). One equation is for heat transferred to and
from the J fluid node. The second egquation is for heat transferred to and from

the J wall node.

The first equation represents three modes of lieat transfer with the J fluid
node:
1. conduction to and from the J-~1 fluid node
RL*(TLF(J-1)-TLF(J))
where Rl is the conduction coefficicent and is equal to CF/(2.*DxF(INO)/

ACF (INO)+RMF*DELT/ (ACF (IND) **2*RHOIL.))

2. convection to and from the J wall node
B9*(TLW(S) - TLF(J))
where B9 is the convection coefficient and is equal to UFWIL*ASFW(INO)
3. heat transfer due to mass transfer into the J segment from the J-1
segment.
éCp*(TLF(J'l)—TLF(J))
where ﬁCp is the flow rate and is equal to Q{L1)*RHOIL*CPFN
These heat transfer modes are combined to produce the equation for heat transferred

to and from the J fluid node:

MCp *(TLF(J)—TLF(J)OLD)=R1*(TLF(J—l)—TLF(J))+B9*(TLW(J)—TLW(J))+
DELT
Q(IL)*RHOIL*CPFN*(TL¥(J-1)~TLF(J)) (1)

where MCp is equal to FNM( TNO)*CPFN

5.1-3
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The second equation represents three modes of heat transfer with the J wall
node:
1. conduction to and from the J-1 and J+1 wall nodes respectively
R3*(TLW(J~1)-TLW(J))
R4*(TLW (J+1)=-TLW(J))
where R3 and R4 are the conduction coefficients equal to CW(INO)/2.0%
DXF (INO) /ACW(INO))
2. a. convection to and from the J fluid node
B (TLF(J)-TLW(J))
where B9 was defined previously
2, b. convection to and from the external atmosphere
C3*(TA(INO)-TLW(J))
where C3 is the convection coefficient and is equal to UAW(INO)*
ASAW(INO)
3. radiation exchange with the surrounding structure
CIP*(TST(INO)~ (TLW(J)+460)*)
where CIP is the radiation coefficient and is equal to SIGMA*SHAPF*EPSION*

ASAW(INO).

These heat transfer modes are combined to produce the equation for heat
transferred to and from the J wall node:
MCp *(TLW(J)~TLW(J))=R3*(TLW(J-1)-TLW(J) )+
DELT
R4*(TLW(J+1)-TLW(J) )+ 2)
B9*(TLF(J)-TLW(J) )+
C3*(TA(INO)-TLW(J))+
CIP*(TST(INO)- (TLW(J)+450) )

where MCp is equal to WNM(INO)*CPWN
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A thermal model of the above heat transfer

is shown in Figure 5.1-3.

terms for three line segments

EXIT
FLUID

——————— — TLF (J+l) =
R1 @ TLF(J)
TLF (J)

INLET ﬁcp
FLUID
TLF (J-1)
B9
TLW(I-1) R3 TLW(J)
M, C
c3 CIP
D(TA) ,/// \\\~
FIGURE 5.1-3

THERMAL MODEL
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5.1.2 Assumptions

1. Atmosphere and structure temperatures remain constant.
2. Predicted temperatures are based upen the previous two calculated values.
3. Temperature of the fluid that leaves each node is the temperature calculated

for this node, TLF(J).

4. The interface conductance between the line and components is infinite.

5. The wall node is all at the same temperature.

6. The emissivity of the walls is a constant (.3 is used for steel).

7. Transition from laminar to turbulent flow is assumed to occur at a Reynolds
number of 12C0.

8. TFriction factors used are based on circular cross-section, smooth ID, drawn
tubing.

5.1.3 Computational Methods

Sectior 1000
Each line data card is read in and the equivalent line lengths for bends and
fittings is calculated
EQUIVL=DIA*(N45ELB*12 ,+NIOELB*57 .+
NALT90/ (45.%4.65)+NAGTI0/ (90.%7.5)
+PLENGTH (N) *DIA)/100.
The cquivalent line length is then added to the actual line length and is used to
calculate the laminar and turbulent flow constants.
If the line segment length DELTAX(INO) is left blank a value of 36 inches is
assigned and this number of line segments is computed. Line temperatures and input
physical parameters are assigned to the appropriate arrays and the data is printed.

The next set of line data cards is then read in. The above is repeated until

the data for all the lines are read in.

5.1-6




Section 2000

The segment length for each line Ls recalculated based on the fluid flow in
the line. If the segment length is larger than the read in value, the appropriate
arrays in line are initialized to reflect the different segment size and the
new segment length ie printed out. Otherwise this program continues
to check the next line.

After each line has been interrogated the fluid and wall temperatures for
ecach line segment node is initialized. The heat transfer coefficient for the
fluid to the line wall 1s calculated as

UFWIL=UFW(AAA, DDD, ABS(Q(TINAU)), TF(INAU), P(INAU))

The oid predicted temperatures are also calculated

TFO (INAU)=TF (INAU)

TCO(INAD)=TC (INAD)

Section 3000

All the constants dependent on the current values of the line volume flow
rates and pressures are computed.

If there is only one segment then the fluid and wall temperatures are calculated
with upstream and downstream nodes being the end components.

If there is more than one segment then the first segments f{luid and wall
temperatures are calculated with the upstream node being the upstream component.
The other line segments are calculated as discussed in the math modei until the last
segment is reached.

The last segment is calculated with its downstream nodes being the downstream
components. The two temperatures of each segment (wall and fluid) are stored to
be used by the line subroutine at next time step. The four end segment wall and
fluid temperatures are stored in COMMON/TRANS/arrays to be transferred to the other

subroutines.
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5.1.4 Approximations

(1) The predicted temperatures at the beginning of each line are approximated
on the past time history of the component temperatures.
5.1.5 Limitations

See technical sunmary.

3 1.6 Variable Listing

Variable Descrigtigg Dimension

AC ) dumnmy computational array

AAA dummy variable

ACF €ross sectional area of the fluid IN2

ACW Cross sectional area of the wall IN2

ASAW external surface area of the wall segment IN2

ASTW internal surface area of the wall segment IN2
A2,A9,B9 dummy variables

B() dummy computational array

C,CW thermal conductivity of the walls WATTS/IN~-°F

CF ~hearmal conductivity of the fluid WATTS/IN-°F

CIbi dummy variable -

Cip2 dummy variable -

CIp radiation coefficient WATTS/°F

CPFN specific heat of the flujd WATTS-5cc/LBm-°F

CPWN specific heat of the walls WATTS-sec/LBm-°F
C1,c12,c3, dummy variables -
c9

DbD dummy variable ~

DELTAX distance of each line segment IN

DIA outside diameter of the lipe or wall IN

DIAINS outside diameter of the line IN

DXF distance from the line Segment node to inter-

face with next segment IN

5.1-8




Variable
EPSION
EQUIVL
FNM
FTEMP
FLTEMP
FWTEMP
INAD
INAU
INO

J,3J,JM1
MTYPE
NAGT90
NALT90
NPFRIC
N45SELB
NI0OELB
PLENGTH
REN
RHOIL
RHOW
RMF
R1,R3, R4
SHAPF
S1GMA
SPMAF
SPMAW
TA

TC

Description
emissivity factor for radiation
equivalent line length
fluid mass of each node
dummy variable
input fluid temperature
dummy variable
downstream leg address
upstream leg address
line number
dummny variables
material type of the line wall
number of bends greater than 90°
number of bends less than 90°
percentage increase in line friction
number of 45° elbows
number ot 90° elbows
total line length
Reynolds number
fluid density
wall density
dummy variable
dummy variable
radiation shape factor
Stefan-Boltzmann radiation constant
dummy variable
dummy variable
surrounding atmospheric temperature

storage variable (temperature of the component)

5.1-9
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Variable

Tco

TCp

TF

TFO

TFP

TLF

TLW

TST

™

UAW

UFWIL

WNM

WIHICK

Description

storage variable (old temperature of the component)
predicted component temperature

storage variable

storage varieble (old temperature of the component
fluid)

predicted fluid temperature

temperature of the segment fluid

temperature of the segment wall

surrounding structure temperature

storage variable

external heat transfer coefficient of the wall
internal heat transfer coefficient of the wall
mass of each line wall segment

wall thickness of the line

5.1-10
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DO O0OO00O000O0O0N

el

SECT A, |
5.1.7 Subroutine Listing {':BE p‘-j,‘ S oo

SUBROUTINE TLINLA
X%k RLVISLD mAY 1, 1976 **x

COMADN /TRANS/P(300),0(300),C(300),TC(300),Tv(390),TF(300),
+ ACF(300),ACw(309),DXF(300¢),TLiL, DLLT, PI,HLINL,NLL
COSUON /LIaIT/ANLINE, wiLL,  INLEG, miINODL , AUPLOT,  HLPTS, D3
COriON /LINE/PARI(150,4),TLw(2000),TLF(2000),LSTART(150),
+ NLSLG(150)

COMION /COLP/LTYPL(99) ,NC(99) ,KTELAP(99), I.4D, ILNTR, INLL
COM:i0Y /FLUID/ATPRES, CF,CPFY, FTLAP, PROP(13,3)

DIALRNSTION TA(300),TsT(300),UAN(300),TF0(300),DLLTAX(150),
+PCO(300),SPIAF(150),5PuAw(150), PLENGTH(150) ,A(2,2),3(2)
DIAENSION LC(300),ASAN(150),A5(159), FRa(150),Cu(150)
+ ,wilii(150) , Puds 1P( 300)

EQUIVALLNCE (C(1),LC(1)),(PARM(1,1),PLENGIH(L))

DATA S3IGGA/.349L-11/,5UAPF/.96/,LPSION/ .3/

kLN=1200.

IF( IeNTR)1900,2009,3000

1399 CONTINUL

w0 =INDIVIDUAL LIJL NUABLR

LINLT=LINL TYPu

NPFRIC=PLRCENTAGE I[NCREASE IN LINE FRICTION
NPWT  =PLRCENTAGL INCRLASL IM WwLISGHY
N4SEL3=NABLR OF 45 DLG LLBOVES

NOOLL3=NUA3LR OF 90 DLG ELBOWS

NALTOO=TOTAL OF 3LYD AJSLLS .LT. 99 DLG DLos
NAGTI9=TOTAL OF 3LEND ANGLES .5k, 90 DLG DLG
LINBTH(N)=LT1" PLLNGTH

DIA =0UTSIoL DINETLR

WTHICK=wALL THICKRLSS

A TYPL =ATLRIAL TYPL

DELTAX(INO)=DI37TAICE OF SLGULNTs

DAW(N)=HLAT TRANSFLR COLFF. Aw3IkNT IO wALL
TA(H) =ThiP, OF AaRInIM, OLG. F

TLF(N) =Te.P. OF FLULID, JLG. F

ToT(N)=TLaP. OF L5TRUCTURL, DLC. R

PARG(H,1)
PARM(N, 2)
PARI(N, )
PAR(Y, 4)
LSTART(1)=1
SRITL(6,400)
400 FORSAT(//1YH LICIE DATA,/10d  LINL NO., 0%, 6HLLNGIG,5X,
+ FUINTLKNAL, 74, 404ALL, X, SUDLLTAK, 8X, 7THA W3TeNT, 4X, OHSTRUCTORL,,
+ A%X,SHFLUID, 7Y%, 8HaATLRIAL, /29X, 3HDIA, 7X, QOHTHICK LSS, 21X,
+4HTemP, 3%, 44 PLalP, 9%, 4HTLAP, 10Y, 4HTYPL)
DO 1190 IWO=1,NLIVL
READ(S5,433) N, «TYPL,NPFRIC,APWT,N4SLLY,NIO0RLA, A T30, 3AGT90
433 FORIAT(8IN)
RLAD(5,439) PLENGTII(1d0),0IA, NTHICK, DELTAX(IND) , UAL(IN0),

LI it LENGT.!

INSIDL LI W DIA-DIAING
EDUTIVEL

TRANSTSTION FLOW
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+ TST(INOQ),TA(INO), FLTLIP
439 FORMAT(SLE17.0)
IF(INO.NL.Y) WRITE(6,430) W
430 FORGAT(1IX,438 THe LIJL CARDS ARL OUT OF ORDLR AT NUABER ,15)

=¥ 2

LC(.)=1

LC(~=-1)=1

IP(LINLT.LTL10) 30 7O 65

LC(a)=~1

LINE P=LINLT-10

65 LOUIVL=DTIA* (Q45KL3*12.+NV0LL3*57 . +NALTA0/(45.%1.65)+
+ NAGTIU/(90.*%7.5)+PLENGIH(N)*DIA) /100,
C CALCULATE JUs3LK OF SEGHLNTS

IF(UAW(TI30).EQ.9.0) JAw(INO)}=0.,00556
IF(DELPAX(INO) .EN.D.0) DELTAX(INO)=36.
IF(FLTEAP.£D.0.0) FLTLaP=FTLEIP

NLSEG( TNO)=PLENGTH( M) /DLLIAX(INO)
LSTARD(TNO+1)=LATART(I 10) +HLSLG( INO)
IvD=140

IMAD=TNO* 2

INAY=T JO*2-1

RiQw=PrOP(4TYVPr, 2)

CPWA=2ROP(1iTYPL, 1)

FOaTLaP(IIAD)=FLIT P
FuThaP(IJAL)=FLTLAP
DIAINGS=DIA~2, %40 1ICK

PARM(W,2) = DIALNGS
PAR(N,3) = LOUIVL

PAKO(N,4) s T354*REN*DIAING
CV(INO)=PROP{nTYPL,3)
ACJ(IND)=PI*(DIA**2~DIAINS**2)/4.0
ACW( T IAD)=ACHK(IND

ACH{ IWNA)=AC(T1D)

vl (IND)=ACT(IAR) *RUOW*DL LTAX( LNO)
SPaAS(TAD)=wldau(T30) *CPv
ASA(TID)Y=PI*CIN*DLLTAX(INO)
ACR(IVD)=PI*DINI I5**2/4.9

ACF (I IWU)=ACF({InT)

ACF( INAD)=ACF(11D)

ASEn (I ID)=PL*DIAINS*DLLTAX(IM0)
TE(INAU)=FLTEP

TR{IJAD)=FLTLuP

T INANY)=FLILaP

Tw(INAD)Y=FLTEOP
ARIPL(6,410)N, PLLNGTH(N) ,DIAING, wTALICK, DLLTAX(M) , TA(.),
+ TST(N),FLTLAP,. TIPL

410 FORGAT(/1X,15,8%X,FR.4,4%,F8.4,5X,F8,4,5X,F8.4,7X,F8.4,4%,F8.4
+ ,5X,FR.4,6%,14)
TST(IND)=("T30(IvD)+460,)**4
1100 CONTINUL
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IF(JLINE,GT.iNLINL-1) GO TO 252

R TURN

252 WRITE(6,475) NLINL,LSTARPT(JNLINL) ,NLSLG(NLINL)
475 FORAAT(5X,25HERROR IW SUBROUTINE TLINE,3I19))
STOP 5191
2009 CONTINUE
INITALTZING ALL ThaiP. IN LINE
DO 2012 I1=1,4LINL
XDLL=ARS(Q(I*2~1) ) *DLLT/(PARMN(N,2)**2%xPI/4,)
IF(XDLL.LE.DLLTAX(I))30 1O 2012
DELTAX(I)=XDLL
IF(DLLTPAX(I).GT.PLLNGTH(I))DELTAX(I)=PLENGTII(I)
ARITL(6,990)T,0DLLTAX(I)
200 FORJAT(10¥,130THL DLLTAX IN LINL,IS,2281 UHAS BELN CORRECTLD TO,
+ F15.5,710 INCHLS,//)
NLSEG(I)=PLLIGTI(T)/DLLTAX(I)
ASFA(I)=PI*PARG(I,2)*DLLTAX(I)
WaNA(I)=ACW(I) *RUHOW*DLLTAX(I)
SPadw(I)=041(I)*CPJ
2912 ASAW(I)=PI*DPARA(I,2)*DELTAX(I)
2013 INO=1
2017 J=LSTART(INO)
INAD=INO* 2
INAU=T 0% 2~]
AAY=ACF(INO)
DND=PAR:( IO, 2)
UFSTL=JF~( AAY, DDD, ARG (Q(INAU) ), TF(IVAU), P(INAU))
TLA(J)=FwTLuP(IAY)
2020 TLF(J)=FPwlenaP( INAU)
Jul=J-~1
IP(Jlllo LO. 0) Jnl:l
TLw(J)=TLF(J)
TLw(J)=(UAN(TNO) *ASAN(INO) *TA(INO)-UFWIL*ASTI(INO) *TLEF(J)
1 +SIGHA*LPSTON*SHAPF*ASAM( INO) * (IST(INO)) )/ (VAW INO) *ASAL
2 (I140)-UFWIL*ASPw( ING)+3IGAA*LPSTON*SIHAPF*ASAN(INO) *TLu( JA1)**3)
J=J+1
IF(J.LL. (LSTART(INQ)+HNLSLAG(INO)-1)) GO TC 2920
C(INAU)=CW({I40)
C(INAD)=Cyi(1INQ)
TFO(INAU)=TF(IJAUD)
TRO(IHNAD) =TF ( INAD)
TCO(INAU)=TC(INAD)
TCO{IWAD)=TC(IMNAD)
DXF(INO)=0.5*DLLTAX(INO)
OXF( INAD)=DXF(INO)
DXF(INAU)=DXF(INO)
LSTART(INO+1)=LESTART(INO)+NLSLG( IN0)
INDO=1INO+1
IF (IMOLLE.JLIAL) GO TO 2010
RETUORN
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3000 CONTINUL
DO 3550 INO=1,NLT L
IL=LSTART(INQ)
AAA=ACF( I40)
DDD=PARA( INO, 2)
RHOIL=386,4*RUD(TLF(IL),P(INO))
UFWIL=URFW(AAA, DD, A3S(O(INO) ), TLF(IL),P(14%0))
FHA(TI0) =ACK(INO) *KHOTL*DLLTAX( INO)
SPAAF(INO)=FN( THO) *CPEN
N=NLREG( I 0)
A= LETART( INO)
JI=i4N=-1
JJ Is ML LAST Hobl,
J=.
J I3 ML FIRST NOM
15=
IL=T.u0*2-1
IP(M(IL)y.LT.0.0) S0 PG 3100
IL=1IL+]
I5==-15
J=1J
J Is THE LAST NODL
JJ=u
=]
3100 Corprang,
Cl=A35(0(IL))*RUOTL*CPEA
C3= UM (INO) *ASAw( INO)
CIP=SIGOA*LPSTIN*SHAPRF*ASAA( IMNO)
"Y=UFWIL*ASFW( I0)
BAF=a35(0O(IL) ) *RUDIL
BEATNMING CALCULATION OF LINL TLOPLRATURLS
IF(YIL).LP.N.O) SO TO 3933
CIZ1=T7(IL+IS)
CIN2=TF(IL+13)
TC(IL+I3)=TC(IL)
TC(IL)=CTI)1
TF(IL+IS)=TF(IL)
TF(IL)=C132
3033 PRP=TR(IL)*2.0-TFQO(1IL)
TCP=7C(IL)*2.0-TCO(IL)
TCO(IL)=TC(IL)
TFO(IL)=TF(IL)
PCO(ILHIS)=TC(IL+I3)
PTFO(IL+IB)=TF(IL+Is)
IF(N.GT.1)30 70 3290
THLREL IS ONLY Ok 5tG.

3050 RI=CF/(2.0%DXF(INQ)/ACF{INO)+R&F*DLLT/ (ACF(INO)

+  FFIXRHOIL))
R3=(Cw(I:0) ),/ (2.0*DXF(INO)/ACH(IND))
R4=R3
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5.1.7 (Continued)

A2=SPadw ( INO) /DLLT+3+39+C3+R4

AD=3PAAF( INQ)/DLLT+C1+221+39

A(l,1)=A0

A(l,2)=-39

A(2,1)=-89

A(2,2)=N2

3(1)=SPAAF(INO)*TLF(J) /DLLT+(R1+C1) *TFP
3(2)=SPAAW(IﬂO)*TLW(J)/DhLT+R3*TCP+R4*TC(IL+IS)
+ +C3I*TA(INO)+CTIP* TS T(INO)-CIP*(TLA(J)+460.)**4
CALL STuOLT(A,3,2,TLRRIR)

C9=3(1)

C12=3(2)

TLF(J)=3(1)

TLw(J)=5(2)

GO 10 3500

32900 CONTINUL
C FIRST LINLC 53,

R1=CF/(2.0*DXF(INO)/ACF(I&O)+RMF*DLLT/(ACF(INO)
+ *A2XRHOIL))
R3=1.0/(2.0*DXF(I'10)/(ACW(INO)*Cw(IND)))

K4=R3

AO=SPIAF{INO) /DLELT+R14394+C1

A2=3PIANINO) /DLLUT+X34+4R4A4+394C3

A(l,1)=A9

A(1,2)=-R89

A(2,1)=-39

A(2,2)=A2
3(1)=SPUAF(INO)*TLF(J)/DLLT+(PI+C]L) *TFP
3(2)=SPHAN(INO) *TLwi(J) /DELT+RI*TCP+RA* T L (J+1I5)
++C3*TA(INO)+CIP*T3T(IVO)*CIP*(PLN(J)+460.)**4
CALL 3Ta"nT(A,7,2,I1LRROR)

TLE(J)=. 1)

TLa{(J)=3(2)

£9=3(1)

Cl2=3(2)

3300 IF(N.EN.2)GO TO 3400
J=J+105
C CALCULATING INNLR St17.

A(l,1)=29

1\( 1 v 2):—3()

A(2,1)=-39

A(2,2)=A2
B(1)=SPIAF(TAIC)*TLE(T)/DLLT+(RI+CL) *TLF(J-13)
3(2 =SPAAN(IMO)*TLH(J)/DhLT+33*TLU(J-IS)+R4*TLH(J+IJ)
4 +C3*TA(INO)+CIP*T5T(IVO)-CIP*(TLA(J)+460,)**4
CALL SIaUUT(A,3,2,li.PROR)

TLE(I)=8(1)

TLY{ J)=B(2)

N=N-)

30 TO 3300
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3400

3560

CALCULATING LAST NODE

CONTINUL

J=J+1I5

R4=1.0/(2.0*%D4F(INO)/(ACH(IND)*CW(IND)))

A(1,1)=A9

A(2,1)=-39

A{l,2)=-29

A{2,2)=A2

3(1)=5PAAT(IA0) *TLF(J)/OLLT+(R14C1) *TLE(JI-18)
B(2)=SPuAG( TIO) * LM ( J) /DELTHRI*TLW( J~I3)+RA*TC(IL+IS)
+ HC3I*TA(INO)+CTIP*IST(INQ)~CIP*(''Lw(J)+450.) **4

CALL 61awUUT(A,8,2,IEPROR)

TLF(J)=3(1)

Lo (7)Y=3(2)
TLE(J)=(3P4AF(INO)*TLF(J)/DLLT+(RI+CL)*TLF(J-15)
+ A3 ((SPHAW(IN0) *TLW( 1) /DELTHRI*TLvi(J-18) +RA*PC(IL+IS)
+ +CIFPA(INO)=CIP*( (Thi(J)+4R0, ) **4)+CIP*TST(INO))/ (A2
+ )))/(A=3*3/A2)

TLI(I)=(3PaAu ( INOY*TLW(J) /DLLTH+R3I*TLA( J-IS)+RA4*TC(IL+I3)
+ +C3I*LPA(INO)+CIP*YTST(INO)-CIPX((TLw(J)+460.)**4)+3*TPLF(J)) /A2
IF(2(IL).LT.0.2) GO MO 75090

TFIL+TIS)=TLF (.

TE(IL)=TLF(J)

T (TLHIS)=TWi(.1)

™ (IL)=TLd(J)

TP(IL+13)=C9

Tw( LL+I35)=Cl 2

GO 19 3599

TV(IL+I5)=TLF(J)

TE(IL)=TLE ()

THIL+IS)=TLi(J)

TN TL)=TRw()

™(IL)=C¢

To(IL)=C12

CONDIICL

CONTINUL

RLTURG

LD
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6.0 COMPONENT SUBROUTINES

The components modeled vary from the simple restrictor to a hydraulic
pump. Each model is broken down into its most basic equations of motion,
flow, and heat transfer. The sum total of all these equations can be very
complex but individually they are usually simple.

New subroutines can be added without difficulty and, if the computer
system can tolerate unsatisfied external references that are not called
during execution then component subroutines not in use, can be omitted from
the input deck or file when not required. Figure 6.1-1 shows the basic
subroutine organization.

In working with the program it 1s necessary to get a good grasp of the
fundamentals involved in tha simulation, even the most carefully checked
routine can have traps built in which are not always found until . he output

data is carefully examined by someone who knows what it should look 1like.

6.0-1
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6.1 SUBROUTINE TCOMPA

Subroutine TCOMPA which is called by THYTR, reads and prints all component
input data, sorts out connection data for all components, and calls each

individual component in the order in which it was inpuc.
6.1.1 Math Model

Not applicable.
6.1.2 Assumptions

Not applicable.

6.1.3 Computation Methods

Section 1000

& cormponent Integer card is read and its data is grinted. Connection
data for the component is sorted out and stored. The real data cards for
the component are then read and printed, if any exists. Next, the addresses
of the component's real data, temporary, double precision and integer variables
are established. Finally, the individual component subroutine is called
passing as arguments its starting address in the real data, temporary,
double precision and integer arrays. This process is repeated until all
input components have been called.

Section 2000

This section consists of a DO loop that ranges from 1 to the
number of input components. Within the loop a component group type is
isolated by taking its type number, dividing by 10 and forcing truncation
(due to the use of integers). This truncated value is then used in a computed
GO TO statement to direct control to a statement or section that calls
the specific component. If there is more than one component of that group
type, specific component isolation is accomplished by subtracting the group

component type number from the individual component type aumber and using the

6.1-1




resulting value in a computed GO TO statement. This GO TO statement then
directs control to a statement that calls the component. ENTRY COMPE
isolates and calls each component in a simple and straightforward manner
aiding in the running of the overall program since every component has to

be called each time step in the thermal transient calculations and each

v

iteration in the steady state solution.

6.1.4 Approximations

No applicable.
6.1.5 Limitations

No applicable.
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6.1.6 Variable Names

o Variable

1

J

KK
KTYPE
LDATAC
Ll

L4

N2

N3

N4

Description

Counter

Counter

Dummy Variable for L4

Dummy Variable for LTYPE( )
Number of Element Real Data Cards
Data value 1

Data value 1

Counter

Number of Last Active Conmnection
LDATAC/1000

Number of Real Data Fields

Dummy Variable Representing Maximum Number
of Component Connections

Group Type Number
Data Value 2

Dummy Variable Representing Max Number of
Real Data Fields for a Given Component

Dummy Variable Representing Max Number of
Temporary Variables for a Given Component

Dummy Variable Representing Max Number of
Double Precision Variables for a Given
Component

Dummy Variable Representing Max Number of
Integer Variables for a Given Component

6.1-3
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6.1.7

Subroutine Listing

PR LT
i )
:‘ 1

ﬂi C **x

1109

1002
1191
1103

SRS NP

1009

Cx k%

-

SU3BROUTI L TCOMPA
RLVISED AQSUST 6, 1976 *x%

COMJON /TRANS/P(300),0(300),C(300),TC(300),TW(300),TF(300),
+ ACEP(300) ,ACW(300),DXF(300),TIML,DLLT, PT, NLINL,NEL

COAuNN /LIAIT/GHLINL  HEL, aNLEG, aNNODL, ARPLOT, WNLPTS,.105
COGIDY /LINL/PARG(150,4),TLW(2000),TLF(2000),LSTARY(150),
+ NLSEG(156)

ZOuadN /COLP/LTYPL{99) ,NC(99) ,KTLuP(9%), TND, ILNYR, LILL
COHIDN /STLADY/PN(9N),08(90),PLX(20),POLEG(20),0L(90),
+ "A,N5,01,PUP, PDOWN, INODL , NLLEG, JCYN, TRRIT,
+  LLGH, ICON, INV, TNX, 194 ,NUP{90) ,NDiN(9N) NLLL.I(29),
+ILLGAR(920) ,ILLG(1000)

COLad /CLPD/D(4500) ,L(1500),LL(99,4)

CIALNSION DR(1400),LT(10,150),ND(150,19),LC(1)

LOUIVALENCL (L(1),LT(L, 1)), (n(1),20(1)),(C{1),LC(1))

DATA L1,L4,8%/1,1,2/

IvH=1
IP(ILNTK)
CONTINGL
20 1961 1=1,1)
o 1702 J3=1,150
~“O(7,1) {(1,J)
CONTINIL
COITIVWL

LGCI=9
TS

1963,2900,2000

=T
T id oA

KLAD STATLawNT IvPUTS Tire FOLLOVING DATA

I =INDIVIDUAL COGPOIENT NUMAER

LTYPL =COaPORLYYT TYPL

RLAD(5,1909) T,LTYPL(I),LDAPAC,(L(L4-1+J),T=1,12)
FORLAT(16I5)

WRITL(A,500) I,I,LTYPL(I),LOATAC, (L(L4-1+T),T=},12)
INDA MAC=LNATAC/ 100D

LOATAC=LNATAC-NDATAC*1000

NLI1=LNATAC*S
LONTAC LOIJALS Tk
RKIYPL=LTYPL(I)
NC(U)Y=0D(KTYPL, )
IFCICIIY.LD,.0) 30
“R=L4
UNM=L4+NC(I) -1

DO 4 '»]—\‘\,'\'N
IF(L(Y)) 1,2,3
L(Q)=-L(1)*2-1
LC(L(N))=9
ACI=NCI+]

30 1O 4

L{A) = aNLIdE* 2=8D(REYPL, 9)
SO T 4

L(1)=L(N)*2

LC(L(N))=0

NUI3LR OF RLALD OACY CARDS

L bbb aT

0 7

-2
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L

6

19
15

30

49

2000

(Continued)

NCI=NCI+]

CONIPINUL

IF(L(NN) .U INLINL*¥2=-1) 3O TO 6
NC(I)=NC(I)-1

NN=MNN=-1

G0 TO S

CONTINUL

INV=IC1T

IF(NCI NEJNC(I)ANDJID(XKTYPL, 1) . NL.O)GO 0 429
IF(NC(I).LI.ND(XTYPL,8)) NC(I)="ID(KIYPL,R)
Hl=1D(KTYPL, 1)

W2=ND(XTYPL, 2)

N3=ND(KTYPL,3)

J4=aD(KTY2n, 4)

I (ILIN.ED.O0) GO TO 15

RLAD(S,9) (D(L1+4WN-1),N=1,NLI.)
FORANT(8L1D,.9)

IF{IND.NL.T} GO ') 410

=L

DO 10 KX=1,LDATAC
WITTL(6,510)%%, (D H+1-1),n=1,8)
NM= N+3

CONPINIL

IvX=0

IF (JDATAC.NELO) 39 70 20

I8 (LOATAC.GT.ND(XIYPL,6)) N1=dL1.
LL(I,1)=L1

LL(I,2)=L1+N1

CH TO 30

CONTINUL

LE(T,l)=LL(NDATAC, 1)

LL(I,?2)=L1

I1K=1

IP(UX*3.0L.Y) 50 PO 4D
LE(L,3)=(LL(I,2)+.1243)/2
DI=(LE(T,3)Y+N3)*2¢+]

G 'TO 59

Li(I,3)=LL(1,2)+32

Ll=LL(I,3;+13

Y Li(1,4)=L4

LA=L4+:14

LNTRY COnPL

CONTINUL

KIYPL=LTYPL(IND)

HTYOE =¥TYPe/1)

H1=Li(IND, 1)

M2=LL(InD,2)

13=LL(T4D,3)

N4=Lb(IND,4)

GO TO (219,220,230,240,250,260,270,283,299,300),17YPL
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210

290

291

309

.1.7 (Continued)

GO TY 499

CONTI UL

CALL T3RANLL (D(N1),D(N2),DD{u3),L(N4))
SO TO 490

CONTINUL

KTYPL=VTY?PL-20

GO TO (221,222),07TYPL

CALL TVALV?21 (D(d1),D(d2),0D(H3),L0(i14d))
GO D 410

CALL TVALV22 {D(~N1),D(N2),DD(N3),L(d1))
GO T 100

CONTTNUL
CPYPL=KTY 1.-306
GC O (231),RTYPL

CALL TCVAL31 (D(W1),0(d2),0D(N3),0(11))
SO TO 499

CONTI UL

CALL TRLSDAL (D(e1),D(32),BR(3),0L(N4))
SO TO 400

COMTINUL

XIYPL=XTYPL-5)

50 I (281) ,KYYPL )

CALT, TPUGIPSL (D(QR1),D(02),D0(N3),L(N4))
GO 7O 400

CONTINUL

TPYPL=RTYPL-61

GO T (261,262,400,400,4072,400,490,401,260) ,4XTY2L

CALL TRSVEG1 (D{uwl),D(02),0D(N3),L(N4))
GC 10 40D

CALL TRSVRA2 (D(N1),D(32),nD(d3),L(114))
50 PO 400

CALL 'THLX69 (D(al),D(N2),DD(N3),L(N4))

50 TC 490

KTYPL=XTYPL =70

$O ty (271,400,400) , KTYPL

CALL ‘PACUATL (D(i11),D(N2),nD(83),L(N4))
30 TO 400

CONTI UL

YPYPL=XTYPL~RO

GO TO (281),KTYPL

CALL TFILT3L (P(dl),D(42),0D(43),L(4))
50 TO 400

COITIANG

KTYPL=KIYPL-90

GO TI (291),KTYPL

CALL TTLSTOL (D(d1),9H(N2),DL(J3),L(N4))
30 7O 400

COMTINGL,

KTYPL=%TYPL-100

GO TN (301,302),KPYPL
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(Continued)
301 CALL TACT101 (D(Nl),D(N2),DD(N3),L(N4))
GO 10O 400
302 CALL TACT102 fD(Nl),D(NZ)fDD(N3),L(N4))
400 CONTINUL
IF(INEL.NB.0.0R.IND.GE.NEL) RETURN
IND=IND+1
IF{IENTR) 100%,2000,2000
410 WRITE (6,180)
3TOP 6001
420 WRITE(6,1720)IND
190 FORJIAT(5X, 42HTHLRL ARL JISSING CONRECTIONS IN COQuP NO
$'T0P 6001
130 TORJAT ( 358 THh LLEAENT CARDS AR GUT OF ORDER )
500 FORUAT(lUO,SX,GHCOMPﬂ,IS,2X,l2HINTLGER DATA,24,1615,)
5§10 FORWAT(/,5X,161IREAL DA'TA CARD & ,15,2%,8E12.4)

LWD
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6.11 SUBROUTINE TBRAN1L

TBRAN11 simulates a frictionless branch with two, three, or four
cornecting lines. As sketched in Figure 6.11-1 with two lines, TBRAN1L
represents a "junctlon", with three lines it represents a "Y", and with
four lines, it represents a '"cross'. This subroutine calculates the
temperature of the fluid within the branch and the temperature of the

branch wall.

Junction
J
————— on—————
fpm——— l ————
Y-Branch

A
T

l Cross Branch l

FIGURE 6.11-1
BRANCH CONFIGURATIONS
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The thermal math model for the branch includes heat transfer to and
from either two, three, or four line segments. At least one is an upstream
(inlet) line while at least one is a downstream (outlet) line. To
familiarize the reader with the branch subroutine, one of the most complex
branches "the cross" (with one upstream line segment and three downstream
line segments) will be discussed at this time. For this branch ten nodes
are considered: five fluid nodes and five wall nodes. The nodal representation

is shown in Figure 6.11-2.
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/—TW {L2)

Line Segment\
TW (L1)
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W\\\\\
NN
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3
w
-
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% \-pT (TBW)
Line i&: :>\ Line
Segment %

\ Segment
“'Cross"”’

! \—'rw 1L4)
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UneSegment-J///

FIGURE 6.11-2
“CROSS” RRANCH AND LINE SEGMENT NODE REPRESENTATION
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The temperatures of the upstream line segment wall and fluid nodes are TW(L1)
and TF(Ll), the temperatures of the branch wall and fluid nodes are DT(TBW)
and DT(TBF), and the temperatures of the downstream line segment wall and
fluid nodes are TW(L2) and TF(L2), TW(L3) and TF(L3), and TW(L4) and TF(L4).
(The branch consists of two nodes, regardless of the number of line connections).
Two heat transfer equations are written to solve for DT(TBF) and DT(TBW), using
the branch and line segment material properties and dimensions, the atmosphere
and structure temperatures external to the branch, TW(L1l) through TW(L4) and
TF(L1) through TF(L4). One equation is for heat transferred to and from the
branch fluid node. The other equation is for heat transferred to and from the
branch wall node.

The first equation represcents four modes of heat transfer wit' the branch

fluid node:

1. conduction with the upstream line segment fluid node

R1(L1)*(TF(Li)~DT(TBF))

wheve R1(L1) i¢ the conduction coefficient between the fluids and is equal

to CF/(DXF(L1) /ACF(L1)+DXFB/ACFB+RMT (L1 ) *DELT/(ACFB**2*RHOIL) )
2. convection with the branch node
B1*(DT(T3W)~-DT(TBF))
where Bl is the convection coefficient and is equal to UFWIL*D(ASFW)
3. heat transfer due to mass transfer into the branch from upstream of the
branch
MCp*(TF(L1)-DT(TBF))

where MCp is the flow rate and is equal to Q(L1)*RHOIL*CPFN
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These heat transfer terms are comhined to produce the equation

fer heat balance for the branch fluid.

MCp (DT (TBF) -DT (TBF)

) = R1(L1)*(TF(L1)-DT(TBF))
+ B1* (DT (TBW)~DT (TBF))
+ MCp* (TF(L1)~DT(TBF))

OLD

where MCp is equal to FMASS*CPFN

The second equation represents tireec modes of heat transfer

relative to the branch wall node:

1.

Conduction to and from the upstream and downstream line

segment walls

2b.

R(LI* (TWLLJ)~DT (TBW))
where R(L1) is the conduction coefficient and is
equal to 1.0/ (DXF(LT)/(ACW(LI)*C(LI))+

DXW/ (ACBW*CW)) and I is the line number

. convection to and from the branch fluid

B1* (DT (TBF)-DT (TBW))
where Bl was defined previously
convection to and from the external atmosphere
B2% (D ('TA) -DT (TBW))
where B2 is the convection coefficlient and is equal
to D(UAW)*D (ASAW) .
radiation exchange with the surrounding structure
CIP* (D (TST) - (D (TB)+460.) ")
where C1P 1is the radiation coefficient and is equal

to SLCMA* EPSTON*SHAPF#D(ASAW).

These equations combinc to produce the equation for heat balance

for the branch wall node:

6.11-4
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NCp (DT (TBW)-DT(TBW) )

DELT

where MCp is equal

J=1
B1(DT (TBF)~DT (TBW))
B2(D(TA)-DT (TRW))

+

+

+

to D(BMASS)*CPWN

ié R (LI)*(TW(LI)=-DT (FBW))

(2)

C1P% (D (TST) - (DT (TBW)+460.) ")

A thermal model of the above heat transfer terms is shown in Figure

6.11-3. Equations (1) and (2) are combined to solve for DT(TBW) and DT(TBF).

INLET

EXIT FLUID
TF(L2) = DT(TBF)
| EXIT
| FLUID
| STF(L3)=
| /" DT(TBF)
/
|

TW(L2)

FLUID ._Q MCp 7 -
TF(L1) R1(L1) 1£Cp

Bl TW(L3)

N /

EXIT
FLUID
TF (L4)=
DT (TBF)

TW(L1l) e———R(L1)

R(LZQ\\\ R(L3)
/M;\/ R
\&—4<\ DT(TBVV)
B2 CID

D(TA)a///// D(TST)

FIGURE 6.11-3
THERMAL MODEL
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6.11.

2 Assumptions

The following assumptions are made to produce the equations discussed

in the previous sectlon.

6.11.

1. The temperature of the fluid leaving the branch is equal to the
branch fluid node temperature, DT (TBF)

2. The branch wall and fluid are each represented by one node only,
the entire node is at the same temperature.

3. The temperatures of the atmosphere and structure surrounding

the branch are constant.

4. The emissivity of the wall material is comstant, .3 for steel

5. The interface conductance between the branch walls and the line
walls is infinite,

6. The math model does not incorporate any of the losses which nor-
mally occur at junctions which have changes in diameter, flow
direction, or flow division.

7. Complete fluid mixing occurs in the f{luid volume.

3 Computational Methods

SECTION 1000

The fluid and wall temperatures are initialized, the external

structure temperature is changed from degrees Farenheit to Rankine and

raised to the fourth power, and the default values are assigned.

SECTION 2009
No thermal or hydraulic inputs or calculation accomplished here.
SECTION 3000

Propeity values are assigned. Dimensions and coefficients are

calculated, The flow direction is determined. (The program is set up
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with the flow entering connection line one (L1) and leaving through
connections tow, three and four, (L2), (L3) und (L4). During the
calculation the flow direction is checked. 1If the flow has reversed
flow direction, the program reassigns connecéion numbers so that the
flow still enters connection line one). Some coefficients are then
recalculated if the flow is reassigned. A 2x2 matrix is loaded

and the mathematical equations are solved for DT(TBF) and DT (TBW)

and stored in the B computational array. “he calculated values are
assigned to their proper storage locations nd the boundary conditions
assigned to special arrays (TC and TF) in /TRANS/.

6.11.4 Approximations

4

i, DELTAX is the average value of all possible paths through the
branch.
6.11..5 Limitations
The limitations of this subroutine are due to the pressure drop
errors. Additional losses can be simulated by adding a pseudo 90
degree elbow or bend to the appropriate line.

6.11.6 Variable Names

Variable Description Dimension
AC) Computational array --
AAA Dummy variable -
ACBW Cross sectional area of the branch wall IN2
ACTFB Cross sectional area of the branch fluid IN2

D (ASAW) External surface area of the branch wall IN2
D(ASFW) Internal surface area of the branch wall IN2
B( ) Computational array _—

6.11~7
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Vaviable
D(BMASS)
C1lp

cJ

CPWN

CW

DDD

D (DELTAX)

DXW
EPSION
FMASS

I, IERROR
D(ITC)
D(ITF)
L1,L2

RC ),R1( )
RHOTIL
RMT( )
SHAPF

SID

SIGMA

T()

D(TA)

DT (TBF)

DT (TBW)

D(TST)

Description

Branch Mass

Radiation ccefflicient

Mechanical Equivalent of Heat
Specific heat of the branch material

Thermal conductivity of the branch
material

Dummy variable

Average distance fluid travels through
branch

Distance from branch nede to interface
Emissivity factor for the branch wall
Fluid mass in branch

Dummy variables

Initial wall temperature

Initial fluid temperature

Leg connection addresses

Computational array

Fluid density

Mass flow rate of fluid array

Shape factor (wall to surrounding structure)

Dummy variable

Stifan-Boltzmann constant for radiation

Computational array

Temperature cf the surrounding atmosphere

Fluid temperature

Wall temperature

Temperature of the surrounding structure

6.11-8

Dimension
LB
m
e (] [’
WATTS/°R
FT-LBm/WATTS~SEC
WATTS-SEC/LBm-°F

WATTS/IN-°F

IN

IN.

°F

°F

LB /IN3
m

LB /SEC
m

WATTs/IN2-°R4

°F
°F
°F

°F
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Variable

D (UAW)

UFWIL

D (VOLUME)

Description Dimension
Heat transfer coefficient (surrounding WATTS/IN2—°F
atmosphere to walls)
Heat transfer coefficient (fluid to walls) WATTS/IN2—°F
Volume of fluid inside branch IN3
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6.11.7 Subroutine Listing

SO3ROGCT I T3RANLY (D, DT, 00, L)
C o**E 2 vIned AUGsT 5, 1175 *xx
DT LLGE [0 (1), DT3),0(1),L(1)
COA.8 /PINIS/P(300),2(300),C(300),TC(300) ,Tu(300),T(390),
+ ACF(390) ,ACH(300),DXF(300) ,TIak, RLLT, 1,7 1LT 45, 1L,
CCLuCN /CNAP/LTYPL(99) ,¥C(99) , KTLAP(99), [N, Tewt,, T L
CO DN JATFADY/20(90),00(90), PLN(90), PALLG(20),oL(20), 34, 2o, N,
$ UL, PDOLA, WRODL, NLLS, ICP T, Trit, LuGh, ICOI, 1RV, T 1Y, 1.2,
F4J2(99), 00 HA0), e (90), ILLCAR(20), ELL3(106))
SO LGN /RLIT Y/APRLL, CF,CPRY, FPLG P, DOP( 12, 3)
TUTLOE S J, Ao Vv, A5¥ v, DLLTAL, VOLUGE, T, 13k,
+OTUT, P, 1IN 38, NCT
ST .0 ST T (4),PT(4),A02,23,3(2) (%), T(4)
T ARRYY VN T ASLL
IAPY LOYRL/T, N A3/ VO L/ 3/ OLLTANK/ A NSNS N/ 5/
LN/ T/, P/, PN/ 0/, TOR/10/, TIC/ 1/
C Y OALRAT VARINTLES
RATA TSR/Y/, /)
DALY BTV L340L=-11/,8APR/ .93/, LRSI/ .3/ ,C0/%. %5/
IR(IL 't ) 1907, 2030, 2009

[

-+

C VeUdal =00 VoL L THSINL RRANC

C DLLIAX =AV5, O ALL BOSST Lt RODPes P IROGJICH 307580
C AR SSURRACL AT FPLULD PO wALL TasIH SRAC

C 500 =3UREACHE ANDN AALL TY ALILy

z AW =Je VT 1AVISres COLFEICTRNT wALEL PO Aa3Te o1
c 300545 = 486 2F WAEY VALL(LIS,)

< LTV = VPLOTAL TYOL OF GALL

C “CI =i} et SF LINE COWLCTI) s

11707 ST TUt
IL1="IC{I.D)
~ 1001 I=1, iCI

A)YLENDLN0,0) B(FAg)=,0069

TF()=D(T%e)

1391 PC(1)y=0(1'0C)
ET(Is€)=0(T:t"
DT(T3n)=3(107)

1003 H(23T)=(D(132)+150,) **4
IF((Jd

i 7

" - -
a e N V.

2919 CONYILIUL

3910 L1=L(1)
ICI=.C(I10)
TUYPLEN( TP ) 4+, 001
CP =20 0P (XTYPL, 1)
Tw=PRUP(KPYPL, 3)
RHOTL=33%, 4ARIO(DPF(LL), P(L1))
ACRI=N(VOLUALL ) /D(OLLIAX)
AC34=D( P 03 35) /(T L*¥D( DELTAX) )
CT =8 T50AK 50 BPF*LPCTSI* D (AL AW)
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6.11.7 (Continued)

DX.=D(DLLTAX) /2.0
NXF3=DXw

L2=L(2)

5310=0(L1)
ANA=D(VOLCAt ) /(D(IOLLTAR))
DNC=EQIRM(AAA* S, /PT)

IF(LL).LT.0(L2)) O(L1)=3(L2)

UFWIL=0Fw(AAN,0D0, A3S(Q(L1) )}, (TFP(L(1))

HHTT(L(2))) /2.0, (P(L(1))+P(L(2)))/2.0)
C

ThaP1=TC(L1)

q(l.ll) EIN

S IASL=D(VOLIME ) *IOIL
“1=UP€IL*D(A$FJ)
37=0(UAW) X0 (ABA)
3093 ACI=NC(IND)
DO 3099 I=1,"1CT
DO 20N9 J=1,1CT
AT, T)=9.0
1099 3(I)=9.9
0O 3500 I=1,%C1
d=0{T1)
RPHNTL=335, 4*RAD( PP (N), E(N) )
Ra(I)=A23(0(l) ) *rRUOTL
IF(O(NM.LL.0.D)Y kaT(I)=0.0
RI(I)=C7/(DYF(:)/ACF( 1) 4DXF 3/ACP3+RGT(I) *DLLL/ (ACF3* %25 {OIL) )
IR LLL.OL0)YRI(I)=9.0
L(I)=1./(D(F(J)/(ACN(1)*C(N))+DXN/(ACBH*CN))
3450 A(1,1)=A(1,1)+R.T(I)*CPFH+RL(I)
3(1)=3(L)+(Re. (L) *TPREHRI(I)) *TF ()
N2,2)=A(2,2)+R(1)
2(2)=3(2)+3(T)*Dhi(+})
3599 CO LT NIL
AL, L)=A(L1,1)+70083*%CPRI/DELT+2]
4(2,2)=2A(2,2)+D(2 1As5)*CPWI/DLLT+514732
2(1)=3(1)+PunS3*CPRI*DT(TAF)/BLLT
3(2)=3(2) 4 SaN33) *CPI* DP( I 3ur) /DLLT+32%
+ D(IAY+CTP*D(TST}~CIP*(DT(T3)+450,) **4
A(1,2)==31
N2,1)==-31
crLT, \T»nr-(\ g,_,1‘~uﬁr\
ne 3600 1=1,7
N=L(T)
HI)=TR(N)
TF(1)=3(1)
T€(2(3).6L.N.D)Y TR(N)=T(1)
TC()=3(2)
3599 CIONTINUL
M{T3F)=3(1)
DL 3)=3(2)

[ L'PUIRN
LN
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6.21 SUBROUTINE TVAL\

TVALV2] simulates a simple two-way valve with a valve position vs
time input, A typical valve is sketched in Figure 6.21-1. This subroutine

m~alculates tihe valve wall, piston, and fluid temperatures.

U + ve Displacement

[> Flow

Connection No. 2

Connection No. 1

GP75 0099 19

FIGURE 6.27-1
TYPE NO. 21 TWO-WAY VALVE
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6.21.1 MATH MODEL

The thermal math model for the two-way valve includes heat transfer to
and from two connecting line segments, one upstream and one downstream. Seven
nodes are considered: three fluid nodes, three wall nodes, and one piston node
(as shown in Figure 6.21-2). The temperatures of the upstream line segment

wall and fluid nodes are TW(L1l) and TF{Ll).

Downstream
+ Ve Displacement  Line Segment

4

TW (L2}
DT {TVF)
N\ )
Upstream \
Line TWILY NNN\NN\NN\ 7772722000007
Segment : N i
N N \/-DT (TVP) TF (L2)
Flow ——e \ \‘f
/// \ s
N
TF (L1) N
Two Way
Valve DT (TVW)
FIGURE 6.21-2

VALVE AND LINE SEGMENT NODE REFRESENTATION

GP77.0065-9
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The temperatures of the valve wall and fluid nodes are DT(TVW) and DT(TIVF).
The temperatures of the downstream segment line wall and fluid nodes are
TW(L2) and TF(L2), and the temperature of the piston is denoted by DT(TVP).
Three heat balance equations are written tn solve for DT(TVF), DT(TVP), and DT(TVP),
using the valve and line segment material properties and dimensions, the atmosphere
and structure temperatures external to the valve, and TW(L1l), TW(L2), and
TF(L1l) (Note: TF{(L2)=DT(TIVF), see assumptions). One equation is a heat
balance for the valve fluid node. The second equation is a heat balance
for the valve wall node. The third equation is a heat balance for the
valve piston.
The first equation represents four modes of heat transfer relative
to the valve fluid node.
1. Conduction to or from the upstream line segment fluid node
R3* (TF(L1)-DT(TVF))
where R3 is the conduction coefficient and is equal to CF/ (DXV/D(ACVF)+
DXF(L1) /ACF(L1)+RMFLL*DELT/ (D (ACVF)*%2*RHOIL)), and RMFLl is equal to

Q(L1)*RHOIL.
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a. convection to or from the valve walls
B1* (DT (TVW)-DT (TVF))
where Bl is the convection coefficient and is equal to UFWIL*D(ASFV).
b. convection to or from the piston
B2% (D™ vy ) -PT(TVF))
where B2 is equal to USWIL*D(ASFI')
Heat transfer due to mass tra.afer into the valve node from the upstream
line fluid segment.
MCp* (TF(L.): DT(TVF))
where MCp is the flow rate coeff.ciert, and is equal to Q(L1)*RHOIL*CPFN
Heat addition due to a pressure arvp across the valve
MCp*DCAPT !
where DCAPT1 was described in the terhnical summary and 1s equal to

(1.0/RHOIL)*(P(L1)-F(L2))/(CI*CPFN)

The heat transfer modes are combined to produce an equation for the heat

balance for the valve fluid nocz:

MCp (I.T(TVF)-DT{TVF)
DELT

OLD)=R3*(TF(L1)—DT(TVF))

+B1* (DT (TVW)~DT (TVF)) ()

+B2* (DT (TVP) =DT (TVF)
+MCp* (TF (L1) DT (TVF) )

+MCp*DCAPTL

where MCp is equal to FMASS*CPEN

The second equation represents three modes of heat transfer

relative to the valve wall node,

1‘

Conduction to or from the upstream and downstream line segment wall

nodes
6.21-4




h- a0 =

RI* (TW(LI)-DT(TVW))
wvhere RI=1,0/(DXF(LI)/(ACW(LI)*C(LI))+DXV/(ACVW*CV)), and I=1 for the
upstream line segment and 2 for dowustream line segment
2, a. convection to or from the fluid in the valve
B1*{DT(TVF)-DT(TVW))
where Bl was defined previously
b. convection to or from the external atmosphere
B3*(D(TA)-D(TVW))
where B3 is the convectlon coefficilent, and is equal to D(UAV)*D(ASAV)
3. radiation exchange with the surrounding structure
CIP*(D(TST)-(DT(TVW)+460,)**4)
where CIP is the radiation coefficient, and is equal to SIGMA*EPSION*
SHARF*D (ASAV)
These heat transfer modes are combined to produce an equation for the heat

balance for the valve wall node:

) = RL*(TW(L1)-DT(TVW)) (2)
+R2* (TW(L2)-DT (TVW))
+B1* (DT (TVF) -DT (TVW))
+B3% (D (TA)~DT(TVW))
+CIP* (D (TST)
~CIP* ((DT (TVW) F460.)%**4)

MCp* (DT (TVW) -DT (TVW)

DELT OLD

where MCp is equal to D(VMASS)*CPVW
The third equation represents one mode of heat transfer relative
to the valve piston node.
1. convection to or from the valve fluid node
B2%{DT (TVF)-DT (TVP))

where B2 was defined previously
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The third equation for the heat balance for the piston node is:

MCp* (DT (TVP)-DT (TVP)
DELT

oLp) = BZ*(DT(LTF)=DI(TVP))) (")

where MCp is equal to D(PMASS)*CPPN
A thermal model of the above heat transfer terms for the two-

way valve is shown in Figure 6.21-3, Equations (1) thru (3) are solved for

the approprizted temperatures.

DT (TPN)
(MpCp)

B2
INLET MCp*DCAPT
FLUID \GE\
R3 EXIT
TF(L1) < . o fm—————- ~ FLUID
¥Cp F TF(L2) =
DT (TVF) DT(TVF
B1
DT (TV)
TH(L1) o R1 f e R2 TW(L2)
hCp
B = CONVECTION
MNCP = STORAGE
B3 cIp Ry = CONDUCTION
S AN MCp = FLOW
D(TA) D(TST) | CIP = RADIATION
MCp*DCAPT = GENERATION

FIGURE 6.21-3

THERMAL MODEL
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In the hydraulic model the valve is considered to be a simple
orifice.
The basic equation for flow through an orifice is used to define flow through
the two-way valve.
Q=AREA*CD (2% (v1-p2) /RHO) >/ ?

where AREA=area of valve orifice (IN2)

Cd=discharge coefficient

RHO=fluid acpsity LB—SECZ/IN4

Q=flow (CIS)

Pl=inlet pressure (PSI)

P2=outlet pressure (PSI)
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The pressure drop due to .:-. . ~iven by Equation (5)

PUP=PUP-QA*QL* (COEF*RHO(TF(L(1)),PUP)

where
PUP = upstream pressure (PSI)
QA = magnitude of flow (CIS)
Ql = flow rate (CIS)

. 1
fORS = F4 ——
LOLS constant coefficient (INA

, 2 4
RHO( ) = fluid density (LB-SEC /IN )

The constant coefficient is made up of the valve opening area and dis-
charge coefficient. When the valve is closed COEF equals zero.
6.21.2 ASSUMPTIONS
1. The temperature of the fluid leaving the valve is equal to the valve
rluid node temperaéure, DT(TVF).
2, The pressure drop across the valve raises the temperature of the
fluii in the valve.
3. The tcmperatures of the atmosphere and structure surrounding the
valve remain constant.
4, The emissivity of the wall material is s constant, .3 for steel.
5. The interface conductance between the valve and line walls is infinite.
6. The hydraulic math model assumes a square law characteristic and a
constant discharge coefficient for the complete flow range, which in
practice is not correct. At very low flows the pressure drop tends
toward a linear characteristic, and the discharge coefficient varies.
7. The pressure drop due to the fittings is assumed to be much smaller
than the valve pressure drop and they are ignored in the computation.

8. Complete mixing of the fluids is assumed.
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6.21.3 COMPUTATIONAL METHODS

Section 1000 - The fluid and wall temperatures are initialized, the external
structure temperature is changéd from degrees TFarenheit to Rankine and raised
to the fourth power, and the default values are assigned.
Section 2000 -~ A call to INTERP is made to derive the valve opening [rom the
input data which includes a table of valve position versus time. A {irst
order interpolation is used in this derivation, second or higher order inter-
polations will cause unintended valve motion.

Once the valve openiag is established, the valve area is calculated, and
the valve pressure drop is determined using Equation (5).
Section 3000

Property values are assigned. Dimensions and coefficients are calculated.
The flow direction is determined. (The program is set up with the flow
entering connection line one (L1l) and leaving through connection line two
(L2). During the calculation, the flow direction is checked. If the flow
has reversed flow direction, the program reassigns connection numbers so
that the flow still enters connection line one). Some coefficients are then
recalculated if the flow is reassigned. A 3 x 3 matrix is loaded and the
mathematical equations are solved for DT(TVF), DT(TVW) and Df(TVP) and stored
in the B computational array. The calculated values are assigned to their
proper storage locations and boundary conditions assigned to special arrays
(TF and TC) in COMMON/TRANS/ and distributed throughout the entire program.

6.21.4 APPROXIMATIONS

1. The shape factor is 0.96 (described in the Technical Summary).
2. Distances from nodes to interfacesc are approximated.
3. The coefricient of heat transfer between the wall and external atmos-

phere is approximated.

6.21-9




6.21.5 LIMITATIONS - The computation is limited to a linear valve area versus

position relationship. This apparent limitation can be overcome by inputting
a nonlinear valve position versue time relationship which can produce any
desired areca versus time.

The constant discharge coefficient is also a limitation but since the
changes in discharge coefficients depend on the particular valve configuration;
this limitation is not easily overcome.

If the valve slot width and discharge coefficient are input as one, then
the valve position table br~_.omes a table of the product of valve area times
the discharge coefficient versus time. The combined effects of area and dis-

charge coefficient can then be inputted.

6.21.6 VARIABLE LISTING

Variable Description Dimension

AAA Dummy variable -

D(ACVF) Cross sectional area of the valve fluid N2

ACVW Cross sectional area of the valve walls IN?

D{ASAV) OQuter surface area of valve N2

D(ASFP) Surface area of the piston NG

D (ASFV) Internal surface area of the valve walls N2

Al,A2,A3,A4 Dummy variables -

B( ) Computational array -

CiD Dummy variable -

CIP Radiation coefficient WATTS/°R%

cJ Mechanical equivalent of heat FT-LBm/WATTS-
SEC

COEFF Dummy variable 1/1N%

CPPN Specific heat of the valve piston WATTS-SEC/°F

CPVW Specific heat of the valve walls WATTS-SEC/°F

cv Thermal conductivity of the valve walls WATTS/IN~°F

DCAPTL Heat added to fluld due to a pressure change °r
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p=any

Variable

DCOEF
DDD
D (DELTAX)

DXV

EPSION
FMASS

IERR, TERROR
D(ITF)
D(ITV)
L1,L2
D(MTYPE)

D (PERC)

D (PMASS)
D(PTYPE)
RHOIL

RHOV

RMFL1

RMFL2
R1,R2,R3,R4
SHAPF

SIGMA

D(TA)

D(TST)

D(TFV)

Description

Discharge coeffic{ent
Dummy variable

Distance fluid travels through valve

Distance from valve wall node to interface

with line segment

Emissivity of the valve walls

Mass of the fluid in the valve

Dummy variables

Initial temperature of the fluid
Initial temperature of the valve walls
Leg connection addresses

Valve material type

Percent of heat added to fluid due to
pressure drop

Mass of the pision

Piston material type

Fluid density

Density of the valve walls
Entering fluid mass flow
Exiting fluid mass flow

Dummy variables

Shape factor valve walls to surroundings

Stefan-Boltzman radiation constant

Temperature of the surrounding ambient
atmosphere A

Temperature of the surrounding structure

Fluid temperature in the valve

6.21-11

Dimension _

LBy,

°F

°F

LBp

LB /IN3
m

LB /IN3
m

LB /SEC
m

LB_/SEC
m

WATTS/IN2-°R4

°F

°F

°F
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Variable

DT (TVP)
DT (TVW)

D(UAV)

UFWIL

VALY
D(VMASS)
D(VOLUME)

D (WIDTH)

Description

Piston temperature
Wall temperature of the valve

Heat transfer coefficient (surrounding
ambient to valve)

Heat transfer coefficient (fluid to
valve walls)

Valve piston position
Mass of the valve walls
Internal volume of the valve

Valve slot width

For variables in common refer to Paragraph 3.3.

6.21-12
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6.21.7 Subroutine Listing

SUBROUTLIL TVALV?1 (D,7F, 0D, L)
C *** RLVISLD AUGUST 20,1976 **x*
DIARNSTION D(1),PT(1),DD(1),L(1)
CO 110N /TRAQ&/P(300),Q(300),C(300),PC(300),TN(JOO),TP(300),
+ ACF(300) ,AC(300),DXF(300), Tk, DLLT, PI,NLT VL, NLL
COGGUON /20u2/LYPL(99) ,NC(99) ,KTbmP(99),T1.i0, TLNTR, L L
COL /STbAOY/PN(OO),QN(OO),PLX(QQ),DDLuG(OO),GL(OD),
+ O, 05, N, PUPR, PROJ 1, WO, ILLG, ICP, Tt Ka,
+ LLGM,ICOQ,INV,IJX,INZ,WUP(UO),JDnN(OO),JLLPd(QO),
+ILLGAT(90),ILLG(1000)
COLN /FLUI)/ATPRLﬁ,CF,CPFN,PTLAP,PROP(13,3)
CT.LENSION A (3,3),8(3)
INT.LGLR UﬂV,ASAV,TSC,TA,VuAJb,?LLPA&,FVu,TVF,PLRC,AHFJ,uI)T%,
+ DCOLP  ACVE, PTYPL, PUASE , ASED, Ty e, YOLILLL
C D ARRAY VAPTAJLLS
DATA nTYPL/l/,VJASS/B/,DLLP\X/S/,ASAV/?/,\SFV/%/,
+UAV/11/,PLRC/lE/,TSP/lB/,PA/14/,ITF/]%/,va/lﬁ/,VULUdL/ﬂ/,
+ wI)“1/17/,DCOLF/l?/,ACVF/lO/,PTYPL/z/,D.ASJ/4/,A5FP/9/
C DEOARRAY VAFTASLLS
DNTA VO/Y/,TVE/2/ ,VR/ 3/
ONTA SIS iA/.319L-11/,5HA0F/,96," &P3TN/.23/,CJ/8.88/
IF(I&NiE%) 1703,2007,3000
1797 CHSTINGE
FTYPL=N(aTYPL)+,001
NTYPL=D(PTYPr)+.001
RHOAV=PROP(XLYPL, 2)
CPPI=PROVP(NTY>L, 1)
CP»Jy=PROP(4TYPL, 1)
CV=prOP(4TY?L,3)

-t =

c DLLTAY =DISTAUCL FLUT ) TRAVLLS .'RJUSd JALYL
C VaABS =055 OF PdL VALVLE{E)
c AZAYV  =3URFACE AKLA VALVL I ALRILLT
o ACVa =CROSS SLCTIVNAL APLA OF VALVL wALL
C ABPY =LLTTLE SJXPACL ARLA, FLUTY ‘T VALVE,
D(TST)=(D(IST)+160,) **4
L1=L(1)
L2=L(2)
TR(L1)=n(IDF)
TE(L2)=D(7TF)
TC(L1)=2(ITV)
TC(LZ)=D(ITV)
DT 2V) =D(ITY)
DT(EVP)=D(I1F)
DT(TVF)=D(I'TF)
IF(D(CAV).EY.N.9) D(UAV)=.005)
o L{3)= NO. OF X YARINILLS
C L(4) = START OF Y VARIAGLLS

LL=(L(3)+7)/8
L(4)=25+LL*53
RETURN
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6.21.7 (Continued)

2900

2919

3099

30605

SOMTIHIL
IF(ICOY. AL, 1) RLTUYRND
CALL TNTERP(ITAL,D(25),D(L(4)),19,L(3),VALY,ILRK)
IF(VALY.L2,0.0)G0O T2 2019

COLF=,5/(D(DCCLE) *VALY*D(VIVIH) ) **2
DYP=pUP=-dA* Q1 *COLP*RHO(IPF(L(1)),P0P)

JETIPN

P R=pGp=-101.5%01

RLTIP

COITINGE

Li=L(1)

L2=L(2)

HAA=D(ACYFR)

SLL=SIXI(AAAYE,/P1)

OF TL=0R (AN, DDE, AR5 (D (LY)), TR(L1),P(L)))

T dPl=1C(L1)

pHOTL=E3SN 42 RUD( T (LY),P(L1))
Faldod=D(VOLUGE ) *RAOTL
ACVN=0(VAS3S) / (FAOV*D(OLLTAX) )
FAFLLI=A3S(D(L1) ) *RICIL

DLRL2=A3S(Q( L)) *PIICIL

\3=R,CLI*CoPN

32=D(ASFP) *JF.LIL

AH=R{FL2*TPEN

CIP=3I3aAYLPSTY M SYAPFXD(ALAV)
NDXV=D(PLLPAZ /2.3

=0 GIL*D (N V)

I3=D(INV) *D(LANWY)
ACANPTI=((1.0/X40IL)*ARS(P(LY)-P(L2)))/(CI*CPFM)
RI=1.0/(D¥P(LYY/(ACH(LI)*AC(LL))+IXV/(ACVa*CV))
RA=1,0/(ONF(L2)/{ACAK(L2)*C(L2))Y+2XV/(ACV.*CV))
G3=CR/(OXV/SLACVR)Y+DXF(LLI) /ACF (L) +ROFLL*
+ DELT/(D(ACVEF) **2*10IL))
RA4=CF/(DYV/TI{ACVE)+DXF(L2)/ACF(L?)+PiCL2*
+ AELUT/(D{ACVEF) **2* JHOIL))
IF(N(L1).5%..,001) SO 2C 3903
IN(ASS(O(LL)) . LT,.001) GO o 3405

L?."-‘L( 1)

L1=L(?)

k3=0.90

A3=9.0

CIo=xk1

F.1=R2

n2=Cin

W42=0.0 / W
GO P 3009 AT
23=0(ACVF) *D(UNVY) 43"3*

KA2=i3 A
K4=0,0 Q‘J
5379 PD 3009

4
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6.

21.7

30903

3009

(Continued)

rA=0.0

AS=0.,0

R42=0.0

CONTINUL
A(1,1)=Bl+A3+32+RI+RA+TIASS*CPFU/DELT+RA2+A5
A{1,2)=-B1

A(1l,3)=-82

A(2,1)==81

A(2,2)=D(V.IASS) *CPVW/DLLT+R1I+R2+31433

A( 2, 3)=0.

A(3,1)==32

AN(3,2)=9,

A(3,3)=D(PiASS) *CPPN/DLLT+32
3(1)=(A3+RA+RI+AS) *TF(L1 )} +ReiFLI*CPFR*D( PLIC) *DCAPT1
+ +R42*IF(L2)+FuASS*CPRI* DT (TVF) /DELT
3(2)=D(VIiA3S) *CPVI*DT(TVW) /DLLT+RL*TI(LY) +1:2%
+ TJ(L2)+33*D(TN)+CIP*D(TST)-CIP*(DT(TVu)+460.)
+ **A+RIFLLI*CPENY (1. -D(PLRC) ) *DCAPT]
3(3)=D(PRIASS) *CPDPI*DT(TVP) /DLLT

CALL ST.ULT(A,%,3, IERROR)

TF(L2)=8(1)

TC(L1)=3(2)

TC(L2)=2(2)

DT(TVE)=B(1)

DT(TVe)=3(2)

DT(TVP)=8(3)

PLTURN

LD

)

ggﬁ.{’i‘ }% i 17 s
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6.22 SUBROUTINE TVALV22

Subroutine TVALV22 describes a generalized four-way valve which can
be a2 segment of a servo actuator (connected to it by lines) or control
any servo or utility type function, as shown In Figure 6.22-1.

The valve positicn is derived from input data, tabulated versus time.
The actual position is obtained using linear interpolation between the
nearest two data inputs.

The valve orifice areas are derived using a variable law which can
effectively describe leakage, open center, underlap and overlap condi-
tions, with various pressure gains.

A fluid volume in the valve is associated with each connecting line.
The subroutine calculates the temperatures of the four fluid volumes and

the temperature of the valve wall.

CON #3 con #1

- wekpas -

~
Lr_‘jf "

|

X + ve

!

‘
t
,\._—-—-—- —

]
I
l

(J
u
[
§
9

CON #2 CON #4
FIGURE 6.22-1

TYPE NO. 22 TFOUR-WAY VALVE
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6.22.1 Math Model

The thermal math model includes heat transfer to and from four

connecting line segments, as shown in Figure 6.22-2, The valve is

TWIL3) Tw(L1)
TF(L;N /— TF{L1)
~ TO(1)
ORI~ i\ / ot
i 7 7

S A W 1{

X +ve -J

\.:

-
ST
———

\
2~ \ \_
T0:2) s E TO(4)
N
TF(L2) o TWiL4)
TW(L2) TF({L4)

FIGURE 6.22-2
VALVE NODE REPRESENTATION

GP77-0085-14

represeinted by four fluid nodes and one wall node, and each line is
represented by one fluid and one wall node, DT(TVW). The temperatures

of the valve fluid volume downstreawr or upstream of each connecting

line segment are TO(l), TO(2), TO(3), and TO(4). The temperatures of the
fluid and wall nodes of each connecting line segment ..re TF(L1) through
TF(L4) and TW(L1) through TW(L4). In a four way valve the fluid can enter

two lines and can leave two lines. To understand the math model

6.22-2
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let us consider the case where the fluid enters connection 1, into
volume 1, flows to volume 2, leaves connection 2, flows through part

of the system, reenters connection 3, into volume 3, flows to volume &4,
and leaves connection 4. These paths are shown in Figure 6.22-3.

The fluid in the four nodes are affected by the fluid in two other nodes.
As shown, the fluid in volume 1 is affected due to losses to volume 3 and

gain from volume 4. The other fluld volumes are affected similarly.

FIGURE 6.22-3

FLUID FLOW PATHS

Equations can be written for fluid node 1 through 4, and for the valve
wall node.
The first four equations represents four modes of heat transfer to

and from the volume fluid nodes.
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Heat transfer due to mass transfer into the volume from upstream
of the volume
RMF(1) * CPFN (TF(L1l) - TO(l)) for volume 1
RMF(3) * CPFN (TF(L1) - TO(3)) for volume 3
zero for volumes 2 and 4
where RMF(1) is equal to Q(Ll) * RHOll, etc.
Conduction to and from the fluid node in the ccnnecting line segment.
R(1) * (TF (L(1) - TO(1)) for volume 1
R(3) * (TF (L(3) - TL(3)) for volume 3
where R( ) is the conduction coefficient
and is equal to CF/(D X F (L(I) / ACF (L(I)) +
D X VF / D (ACVF) + RMF (I) * DELT/ (D(ACVF) %%
2 * RHOIL)) where I = 1 for line 1 and 3 for line 3
This term is zero for nodes 2 and 4

Heat transfer due to mass transfer into the volume from

the other three fluid volumes.

RMD(4) * CPFN (TO(4) TO(1l)} for volume 1

RMD(1) * CPFN (TO(1)

TO(2)) for volume 2

RMD(5) * CPFN (TO(1)
RMD(2) * CPFN (TO(2)

$ggggg for volume 3

RMD(6) * CPFN (TO(2) - TO(4))
RMD(3) * CPFN (TO(3) - TO(4)) for volume 4

where RMD(1) * CPFN is equal to QI(l) * CPFN * RHOIL etc.
QI(5) and QI(6) are the leakage flows between volumes one and

three, and two and four, respectively, and are equal to zero

6.22-4




L.l;IlIlIIlllIlﬂllllIllIllIlEUIIllllllllIllll!!!!Il!!!!!!!!!!!!!!!!!lllll!lllllllllllllllllllllllllll

4. Convection with the wall

U(4) * A(L) * (DT(TVW)

TO(1l)) for volume 1

U(l) * A(2) * (DT(TVW)

TO(2)) for volume 2

J(5) * A(3) * (DT(TVW) - TO(3)) ‘
U(2) * A(3) * (DT(TVW) - To(3)) LoFf volume 3
U(3) * A(4) * (DT(TVW) - TO(4))

U(6) * A(4) * (DT(TVW) ~ TO(4)) for volume 4

Where U(1) is a heat transfer coefficient for volume flow rate
RMD(3) and A(4) is the surface area of volume four and the valve
walls equal to D(ASFV) (or really D(ASFV)/4.0).

5. He t addition due to a pressure drop experienced by the fluid.

DCAPT (1) * RMD(1) * CPFN for volume 2

DCAPT (2) * RMD(2) * CPFN

DCAPT (5) * RMD(5) * CPFN for volume 3

DCAPT (3) * RMD(3) * CPFN
DCAPT (6) * RMD(6) * CPFH

for volume 4

DCAPT (4) * RMD(4) * CPFN  for volume 1
Where DCAPT(2) is the heat add to volume two due to the pressure
drop between line one and line two equal to (1.0/RHOIL) *

ABS (P(L1l) - P(L2)) / (CJ * CPFN)

6.22-5




The heat transfer terms combine to produce four equations for heat
balance for the valve four fluid nodes:
For volume one,

MCp * (TO(I)—TO(l)OLD)= RNF(I)*CPFN*(TF(Ll)—TL(l))+

DELT R(1)* (TF(L1)~TO(L) )+RMD (4 ) *CPFN*
(TO(4)~TO(1))+U (4) *A(1)* (DT (TVW)
—TO(l))+DCAPT(4)*RMD(4)*CPFN

For volume two,

ﬂgﬂ * (TO(Z)“TO(Z)OLD)f RMD(l)*CPFN*(TO(l)—TO(Z))+
DELT U(L)*A(2)* (DT (TVW) ~T0(2) )+
RMD(l)*CPFN+DCAPT(l)

For volume three,

MCp * (Tn(3)-TO(3)OLD)= RMF(3)*CPFN*(TF(L3)—TO(3))+

DELT R(3)* (TF (L3) ~T0(3)+RMD (2) *CP N
(TO(2)-TO(3) )+RMD (5) *CPEN* (T0(1) ~
TO(?))+U(2)*A(3)* (DT (TVW)
T0(3))+U(5)*A(3)*(DT(TVW)-T0(3))+
DCAPT(2)*RMD(2)*CPFN+DCAPT(5)*
RMD (5)*CPFN

For the fourth fluid volume,

MCp (TO(4) —TO(4)OLD)= RMD(3)*CPFN(TO(3)—TO(4))+RMD(6)*

DELT CPFN* (TO(2)~TO(4) )+U (3) %A (4) %
(DT(TVW)-TO(&))+U(6)*A(4)*(DT(TVW)—
TO(&))+DCAPT(3)*RND(3)*CPFN+DCAPT(6)
*RMD (6) *CPFN

where all MCp's are equal to FMASS*CPFN

6.22-6
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The fifth equation represents three modes of heat transfer relative

to the valve wall node;

1(a) Convection with all six internal volume {low rates

U(4)*A(L)*(TO(L) -DT (TVW) )+U (L) *A(2)*
(TO(2)=DT (T¥4W))+(U(2)+U(5))*A(3)*
(TO(3)-DT (TVW))+(U(3)+U(6) ) *A(4)
*(TO(4)-DT(TVW))

where the U's and A's were defined previously

1(b) Convection with the external atmosphere

D(UAV)*D (ASAV)* (D(TA) -DT(TVW)).
D(UAV)*D(ASAV) is the convection heat transfer

coefficient between the wall and the atmosphete.
2. Conduction with all four connecting lines
RI* (TW(L(1))-DT (TVW))
where RI 1s the conduction coefficient between
line wall segment I and the valve wall and is equal to,
1.0/ (DXF(L(T)/ (ACS(LI)*C(LI)+DXVW/ (ACVWXCV))
and T designates the Ith (connection) number.
Radiation exchange with the surrounding scructure is
CIP*(D(TST)~(DT(TVW)-+460.)%*4) .
CIP is the radiation coefficient equal to STGMA*SHAPF*
EPSION*D (ASAV).
These heat transfer reactions combine to produce an equation for

the heat balance in time DELT, for the valve wall node.

6.22-7
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MCp * (DT(TVW)-DT (TVW)

)= U(4)*A(L)+(TO(1)~DT(TVW))+
i DELT

U(L)*(A2)*(TO(2)-DT (TVW) )+
(U(2)*U(5))*A(3)*(TO(3)~
DT (TVW) )+ (i (3)+U(6) ) *
A(4)*(TO(4)-DT(TVW) )+R1*
(TW(LL)-DT(TVW))+ § (RT

1=2
(TW(L.L)-DT (TVW) )+D (UAV) *D (ASAV) *
(D(TA)-DT (TWV))+CIP* (D(TST)) -
CIP* (DT (TVW)+460.)%*%4

OLD

(5)

where MCp is equal to D(VMASS)*CPVW
A thermal model of the above heat transfer terms for the valve is
shown in Figure 6.22-4. Equations (1) through (5) are solved for the

appropriate temperatures.

CALCULATION OF ORIFICE AREAS

Spool and sleeve type servo valves can have a variety of orifice con-
figurations, the most common of which are round holes and square or
rectangular slots,

Because of radial clearances between the spool and sleeve, there is
usually a leakage flow when the orifice is completely covered. This leakage
tends to round the ends of what would otherwise be a linear flow versus
spool position characteristic. 1In order to simplify the flow calculations,
we have assumed that the valve area is an equivalent area which allows the
orifice equations to be used at all times.

To obtain the valve area, for a given valve position, a characteristic
curve is generated based on the projected cut-off position, the projected

max open position and the max valve area.
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EX1T FLUID
TF(L|2'TO( 2)

|
1
|

T0(2)
C
RMD(1)* (PFN) 27y RMD(2)*CPFN
Y/
7 RMD(1)*CPFN
*DCAPT(1)
»D(TST)
/e p(Th)
cir .
D(UAV) *(A3AV)” RMD(2)*CPF
INLET RMD(4) *CPFN u(s)* *DCAPT(2)
FLLID *DCAPT(4) A(3) .
TF(11) \ N INLET
MC \ . yul'ID
£ p_\—/\ U(a)* DT(TV) u(2)* MCp = TF (L)
A(3)
R(”_/QC% 2 ““c\" /Qmp R(3)
TO(1) A . RMD(5)* T003) // .
I CPFN RYD(5)*CPPN
- Z . *DCATTLS)
=1
™D U(3)*A(4)
N\ U(6) *A(4)
RMD(6) *CPFN
0D (4) *CPFR ~ T0(4) RMD(3)VCPFX)
W\ Y mmaycen.
RMD(6 * i *D(APT(3)
CPPRADCAPT(6) |
_EXIT FLUID

TF(LL) = TO(4)

FIGURE 6.22-4

THERMAL MODEL
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U( ) * AC ) = CONVECTION
RMD( )*CPFN = FLOW

MCp = STORAGE

HCp = FLOW

RO JeCOPMNMDCAPT ) -
GENERATION

RN = CONDUCTIOM




The maximum valve arca is combined with the discharge coefficlent and

the SQRT(2/RHO) to give an orifice resistance. The formula used to generate
the characteristic curve is

X = (.5 + XT/ (1L + ABS(XT*2)**Y)IT(1/Y)

where 0< X< 1.0 for all values of XT.

when Y is large, ie. 64, the characteristic curve is almost a
straight line between projected cut-off and projected maximum opening.

Family of curves for different values of Y is shown in Figure 6.22-5.

6.22.2 Assumptions
1. The piston is not considered a node since it is only a storage
device and becomes the same temperature as that of the fluid.
2. The atmospheric and structure temperatures remain constant.
3. All four fluid volumes are the same volume, each 1/4 of the total
volumes inside the valve.
4, The interface conductance between the lines and the valve walls is
infinite, since the limiting condition is conduction in the line itself.
5. The emissivity of the valve walls remain constant at .3, which
is the value for steel.
6. The temperatures of the fluid leaving the valve are equal to the
fluid node temperatures calculated, T0(2) to TO(4).
7. Complete fluid mixing occurs in the fluid volume.

6.22.3 Computational Methods

SECTION 1000

The fluid and wall temperatures are initialized, the external structure
temperature is changed from degrees Farenheit to Rankine and raised to the fourth

power, and the default values are assigned.
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SECTION 2000

A test is made to Jetermine if a port is not dimensioned, which
can happen if it is a 3-way or 2-way valve. Tf the area ls zero or
XT is zero, XT is set to .0001 to prevent the computation blowing up
when XT is used in the dencminator.

The stead,; state section is straight forward, the valve pressure
drop is subtracted from the upstream pressure PUP for each call
to a particular connection.

SECTION 3000

Property values are assigned. Dimensions and coefficients are
calculated. The flow direction is determined. (The program is set up
with the flow entering connection line one (L1) and leaving through connectinn
line four {L4). During the calculation the flow direction is checked.
If the flow has reversed [low direction, the program reassigns connection
numbers so that the flow still enters connection line one). Some
coefficients are then recalculated if the flow is reassigned. A 5x5
matrix is loaded and the mathematical equations are solved for TO(1)
thru TO(4) and DT(TVW) and stored in the B computational array. The
calculated values are assigned to their proper storage localions and the
boundary conditions assigned to arrays (TC and TF) in ccmmon /TRANS/.

€.22.4 Approximations

1. The valve wall is only one node and is all at the same temperature.
2. The heat transfer coefficlents are calculated on the velocity

in the valve, by the function subroutine, UFW.

3. The heat transfer coefficient, external to the valve wall, is

constant and input by the user.
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6.22.5

the mass, or input data that is appropriate.

Limitations

6.22.6 Variable Listing

AT)

AAA

D (ACVF)
ACVN
ADD

D (ASAV)
D (ASFV)
Al,AVG
B( )
cip

cJ

CPVY

cv

DCAPT( )

Variable

Description

Computational Array

Dummy variable

Cross sectional area of the valve fluid
Cross sectional area of the valve walls
Dummy variable

Surface area - atmosphere to valve
Surface area - fluid to valve walls
Dummy variables

Computational array

Dummy variable

Mechanical equivalert of heat

Specific heat of the valve

Thermal conductivity of the valve

Heat added to fluid due to prassure drop

6.22-13

All areas and distances are approximations based on the volume,

The current limitation of TVALV22 is the possible need for a
variable orifice coefficient, particularly in the overlap region.

An undesireable feature is the need for up to four nodes at the
junctions with the lines when all the parts have a significant flow.

lLeakage flows between connect was 1 and 3, and 2 and 4 and not computed.

Dimension

IN

IN

IN

IN

FT~LBm/WATTS—SEC
WATTS—SEC/LBm-°F
WATTS/IN-°F

°F
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Variable

DDD

D (DELTAX)

DXVF

DXVW

EPSION

FAC

FMASS
I,TERR,1J,1S
D(ITF)
D(ITV)

KTYPE

D (LEAKS)

D (LEAK6)

L1,L2,L3,L4,
M5 ,M6 ,NM

D(MTYPE)

D (PERC)

QL( )
RHOTL

RHOV

RMD( ), RMF( )

RMT R1,
R2,R3,R4

SHAPF

SIGMA

Description

Dummy variable

Distance from entrance to exit or valve
openings

Distance from a fluid node to the interiace
with a connecting line

Distance from node to interface of valve
and lines

Emissivity factor

Dummy variable

Fluid mass of each node

Dummy variables

Initial fluid temperature
Tnitial valve wall temperature
Dummy variable

Laminar leakage coefficient
Laminar leakage coefficient

Dummy Variables

Value material type

Percentage heat added to fluid due to
pressurs drop

Array of internal velume flow rates
Fluid density

Density of the valve mass
Computational arrays

Dummy variables

Shape factor valve case to surrounding
structure, constant, .96

Stefan-Boltzmann constant for radiation
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Dimensions

IN.

IN.

1.B

(] F

°F

PST/CTS

PSI/CI¢

CIS
LB /IN3
m

LB /LN3
m

/s
WATTS/IN%~ °R"




Variable
D(TA)
TEMPL,TERM
TO(IL)
T(TST)

DT (TVW)

u()

D (UAW)

D (VMASS)
b (VOLUME)

XT,XV

Description

Temperature of the surrounding atmosphere
Dummy variables

Array of valve fluid ncde temperatures
Temperature of the surrounding structure
Temperature of the valve walls

Heat transfer coefficients internal
to the valve walls

Heat transfer coefficient -
atmosphere to valve walls

Valve mass
Volume inside valve

Dummy variables
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Dimension

op

°F
°F

°F

WATTS/IN2—°F

WATTS/1N2—°F

LB
m
IN3




Subroutine Listing

6.22.7
+
+
+
-+
+
+
4
C
117cn
4 ).
C
C
C
C
1910
2000

SUSROMYT ot TVALV22 (0,007,000, L)

COHLON /TRANS/P(300),72(309),C(300),TC(309),TH(300),TF(370)
fACE(300) ,ACH(300),DXP(300),TTul., Dunl, PT,NLIIL,NLL

COLON /COUR/LTYPL(09) ,NC(99), ALLaP(99), LD, TuNTR, TNl

VA R

COMLDY /B TLATY/PN(I0) , NI(99), PLX(90), POLI 3(90),0L(00),
0N, IS, VL, PP, BO0WW, INODE, NLLG, NCPN, T, LLGI, TCON, Tay,

INX, T32,392(90) , 100 (90) , WLLLa(90) , ILLGAD(90) , ILLG(1300)
CO L0 /ELUTH/ATPRES, CF,CPFX, PPl P, PRODP( 13, 3)
DL anSION D(l),DP(l),DD(l),L(l)

DIGLASTCN TO(A4),DCAPE(4,6) ,RaD(4,3) ,F(4),A(5,5),%(5),
LA, 65 0T(8),R(5)
TITLGLR GAV,ASAY, 75T, TA, I'TV, VIASS,

DLLTAK, PLAC, ALFV, T'Vw,

ITF,VOLU,L,ACVE

DOATRNY VARTA3LLG

DATY LTYPL/1T/ ,VaA3SS/1R/,VOLUin/13/ , DLLTAX/ 23/ ,ASFV/ 21/ ,ASAY/ 22/
,“AJ/24/,PuhC/25/,PSP/26/,TA/27/,ITP/28/,ITV/20/,ACVF/23/
 LiLARS/31/,LLARA/32/

TOARRIY VALIAILLS

DATA YVa/17/

DATA ST YIA/L34%1-11/,5hWA°F/1,.0/,LP01%0/.3/,C1/3.85/

IF(ILIPR) 13017,2905,3090

CONTI UL

SLLTAY =AVLAACL DIZTAACL PRC OMNL TILLT Tu AN2PdLs LaLk !

(AVLRAGL 937 ALL ©O5SSIALE COLBIaNTT»IS)

AOAYT O =3URTACL vorA CASL PO AGUTL NI
AGRV =aLTTLD olefaCr AxuA O LUTD 50 CAsL(INCLUDI NS PIoTO . AlLLA
PL4C =P eCL ITAGE OF JLAT AI0LD PO CLUIT DU IO PRLUSUKL DrOP
~I(I) =FLOG I VALVL Fedn, T 00 I+41 bonws

PYRE =VALAL LAPLRIAL TYPL
VOLLIL  =T2TAL VOLOGr OF LTSUI) T VALYE
L(S)=Sd3eR OF X DATA PTS.
LL=(L(5)+7)/%
L(7)=33+LL*2
L(6)=33
KTYPL=D( T /P )+, 291
CPY=PROP(10Y 2, 1)
KIOV=D2RIE(YTY L, 2)
CV=PROP(TSILL,‘) )
n) 17197 1=1,
LI=L(I)

PC(LI)=D(TI2V)

TP(LI)=D{ITF)
PO(I)= ) TWW)
DP(2Va)=D(T'FV)
N(ASFY)Y=D(A3FV) /4,0
IF (D(9AV).L .,.ﬁ) M UAV)=.00869 .
DUTST)=(0( TEr)+450,) **4 -
RETURN {
COITIAUL '

J=4*TCON-3 Lo }

\oh

6.22-16




e ———————————

6.22.7

R

~
A\

09

3000

3003

3006

(Continued)

FAC=D(N+2) *3TRT( 2. /RUD(TR(L(ICOM)),PUP))*,65
AT=R(N+1)-D(N)

AVG=(D(N)+D(i+l)) /2.

IF(XT.LQ,0,.0)XT=,0001

IF(FAC,LL.D.9)FAC=,00001

CALL INTEAP(TIGL,D(L(C)),2(L(7),,10,L(5),XV,ILRR)

XT=( XV=-AVG) /X!l

TLRASFACY ( (S XT/{ L +A3S(XD* 2, ) *¥*D(AN+3) ) ** (1. /D u+3
+ ) ))+.0001
VRITL(G5,909) 3,AVS, 01, FAC, XT, XV, TR

FORMAT(1IX,1I10,0L12.5%)

PUP=PUP-5* DA/ TrLla) *¥*2
NI(ICOv)=01

RETURY
CONTINUL

L1=L(1)

L2=L(2)
CPV.u=PROP(XTYPL,])

RLOV=PROP(XTYPL, 2)

CV=2ROP(KTYPL, 3)

L3=L(3)

Li=L(41)

“I(S)—(P(L Y=P(T1.3))Y/D(LLAKE)

‘-(D(L“)—°(f4))/D(ul\<6)

')I(\,:O

NI(6)=n,0

TO(S5)=TG(1)

TC(6)=T0(?)

FI0IL=336,4* 01D (TO{L)+TO(2)+T5(3)+TC(4))/4.0, (P(LL)+P(L2)
+P(L3))/3.)

1=D(UAV)Y*D(\GAY7)

FiA33=D(VOLUAL ) 1 dDIL/4.0

CIP=S5IGIA*SHAPF*L 2 DIN* J(ASAV)

ACVW=D(VIASS) /(RUOV*D(DLLTAL) )

DXV =D(DLLITAYY /2.0
O¥YR=D(DLLIAX) /4.
Kl=1.0/(22F(L1)/(ACH{LL)*C( L
R2=1,9/(nX®(0L2)/(AC(L2)Y*C(L2
E3=1,0/(0xF{L3Y/{ACL{LI)*C(L3
Rd 1.0/(DXFP(LA)/(AC..(L4A)Y*C( LA
00 3003 1=1,4

DO 3903 J=1,3

Ra(1,7)=0.0

0O 3006 I=1,5

20 3996 J=1,5

A(I,3)=0.9

3(I)=0,0 ™ ;;'w‘gyf‘f% ™ W{g?%
ARA=D(ACYE) pro e ﬁ?
DOD=3DRT(AAMNY 4, /PL) - T ‘ ’

a5=4

+

Y EDXVei/ (ACVL*CV) )
)+_')XV\¢/(A(.V.4*C\/))
) \ yV l/(!\C‘V’(\*C'\/) )
)

)
)
)
) ) +D2YV/ (ACVW*CV))
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6.22.7 (Continued)

.

Ui &
]
o

=1
3659 DO 3490 1=1,4
N=L(T)
RIGIL=386, 4% UO(IN(I),P(s))
ROF(I)=0(%)*RUOIL
IF(RIF(I).LL.0.0N) RAF(I1)=0.0
e (1)=CE/(DRL(L(I))/ACF(L(I))+DXVE/D(ACVR) + P (I)*
+ DLLI/(D(ACVR) A * 2% RUDIL) )
3193 RT=OI(1) *RUCIL
IF(RAT.GL.S.0) R eP=0.0
G(I,I1)=UF (AN, DD, A3S(I(1)),TC(I),P(~))

T, P1=DT{TV)

IF(PoT.0L.d.0) W(I,I)=0.9
PAD(T, 1)=ACS(RLT)

3106 RAT=DI(u5) *RELOIL
IS(Ral.LT.N.I) RaT=0.90
UL, 5)=UFw(AAA, DRI, A35(QI(015)),TO(5),P(L(.5)))

T (RAT.LLGD.Y) S5(I,a5)=0.0
0P (T, 2)=RAT
IT3T.tN,3,0KR, 1,0, 4) 50 TO 3290

BRNAN I 1'i=ﬁ'I(ﬂ"))*x{“O]’h
IS T,Gr,.2.0) RaT=0,0

=U5A(NAN, ODD,ARS( DI} ) ,PO(T) , P(G))

(I, 5)=00
Il"(l(‘l‘P.GL.O.Q) ’.‘(I,l'ir‘)'—‘OoO

Ro0( T, 3)=A38(24T)
30 0 3309
3200 RT=ENAT(LA) X IAOTL

IF (Rt LL.0.9) KiT=9.0
DT, 15) =URG(ANA, IDD, ARE(NT(.06) ), TO(I), P(N))

IF(RIT,LELD.DY J(D,..6)=0.9
PaMIL,3)=n25020T)
3370 COUTIAOL
M, T)=F ASS*CPTW/ILLI+HRCI( T, 1) *CPRE+.2,0( T, 2) *Cofnu+Rai( 1, 3)
+ FCOPH(U(I,T)H T, A8)+ (I, i6))*I(NSFV)+RGA{T) *CrPi+ (1)

"
ry o= 13=1+2
R I*(1.730.7) Tj=1=~2
3 AMI,TI)==3,D(I,3)*CPF?

i
17=I+1
TW(I.LD.4) 1J=1

1 W=TL(TT)

Pl AT, %) ==RaD(T, 1) *CPRY
T BCADT(I,T)=(1.0/RUCIL) *ABS(P(H) =0 () )/ (CT*CPLy)
. AT, 15)==8:D(I,2)*CPF
,‘ I=L( 15)
! DCAPP(T,:5)=(1.0/REGIL) * A58 (P () -P(0))/(CI*CPr)
" G=L(I+2)
" IF(1.6G9.2) a=L(I1-~2)

h DCAPT(I,w6)=(1.0/rUBDLL)*ASS(B (1) =2(1!))/(CI*TPPI)
ACL,S5)=(-0(I,T)-U(I,.15)-U(1,40))%0O(AEFV)

— ;,J ‘B[g'ﬂ' E‘I {{l x
| bl
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6.22,7 (Continued)

3(I)=FIASS*CPFN*TO(I)/DLLT+RuD(I, 1) *CPFR*D(PLRC)*DCAPT(I,I)+
+ RAD(I, 2)*CPEN*DCAPT(I, 1S)*D(PLRC)+Reid( 1, 3)*D(PLRC)*DCAPT(L,.:6)*
+ CPRN+RGF(I)*CPFU*IF(L(I))+R(IY*TF(L(I))
AS,I)=(~0(I,1)=-U(I,.15)~U(I,446))*D(AGFV)
A(S,5)=0A(5,5)-A(5,1)

ub=1

A6=406+15

I13==-15

3498 CONTINUL

A(5,5)=A(5,5)+D(V.IASS) *CPVW/DLLT+R1+R2+1k34R4+01
3{S5)=D(VHASSY*CPYW* DT (TVW) /DELT+R1I*Tw (L) +R2*TW(L2) +
+ RI*Tw(L3J+RA*DW( LAY +CIP*D(TST)~CIP*((DT(TVn)+460,)**4)
+ +A1*D(TA)

CALL STIULT(A,'2,5, ILRROR)

DO 3500 ni=1,4

ad=La)

TO( L) =TF(J1)

TER(M)=8()

IF(C (NG} oGu.0.0) 2% () =T0(:1)

TC(a)=3()

3500 PC( 4..)=3{95)

DL(TVW)Y=3(5)

FuUrRY

Lab
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6.31 SUBROUTINE TCVAL31l

TCVAL31l simulates a simple undamped check valve as shown in Figure 6.31-1.
Although the actual mechanlical configurations of these values vary greatly,
the basic method of operation remains the same. The subroucine calculutes
the valve wall temperature, the valve fluid temperature, andthe valve

poppet temperature,

Connection No. 1

Iniet 1.D. Qutlet I.D.
FIGURE 6.31-1
TYPE NO. 31 CHECK VALVE
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6.31.1 Math Model

A check valve has a varlable geometry orifice, which is opened
for forward flow and closed for reverse flow. The thermal math model for
the check valve includes heat transfer to and from two connecting line
segments, one upstream and one downstream. Seven nodes are considered:
three fluid nodes, three wall nodes, and one poppet node.

Temperature nodes are indicated in Figure 6.31-2. For forward flow
the temperatures of the upstream line segment wall and fluid nodes are TW(L1)
and TF(L1l), the temperatures of the valve wall and fluid nodes are DT(TV) and
DT(TVF), the temperature of the poppet node is DT(TP), and the temperatures
of the downstream line segment wzll and fluid nodes are TW(L2) and TF(L2).
Three heat balance equations are written to solve for DT(TV), DT(TVF), and DT(TP),

using the valve and line material properties and dimensions, the atmosphere

and structure temperatures external to the valve, and TW(L1), TW(L2), and TF(L1).
(Note TF(L2) = DT{TVF), see assumptions). One equation is a heat balance for
the valve fluid node. The second equation is a heat balance for the valve

wall node. The third equation is a heat balance for the poppet.

DT (TV)
TW(L1)1 /— I,—TW(Lz)

0 0 Qv |/

Free
Flow

7772 777
f] o\o &,
TF{L1) LTF (L2)
DT (TP) OT (TVF)
FIGURE 6.31-2

CHECK VALVE NODE REPRESENTATION

GP77.0085-3
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The first equation represents three modes of heat transfer relative

to the fluid node:

1.

(98]

Heat transfer due to mass transfer into the valve from
upstream of the valve

B4 * (TF(L1l) - RT(TVF))
where B4 is equal to RMF(1l) *CPFN
convection to or from the valve walls and poppet

Bl * (DT(TV) - DT(TVF))

B2 * (DT(TP) - DT(TVF)) respectively.
where Bl and B2 are convection coefficients and are equal
to UFWIL * D(ASFV) and UFWIL * D(ASFP)
heat addition due to a pressure drop across the valve

B4 * DCAPT * D(PERC) = 1.0/RHOIL*(P(L1l) -~ P(L2))/
(CJ * CPFN) * D(PERC) *B4
If the fluid experiences a substantial pressure d-op across
the valve (greater than 100 psi) then there is heat added

directly to the fluid due to this pressure change.

The above heat transfer terms are combined to produce the equation for

heat balance for the valve fluid node:

MCp * (DT(TVF) - DT(TVF)OLD) = B4* (TF(L1) - DT(TVF))
DELT
+  B1*(DT(IV) -~ uT(IVF))
+  peR(UL(TE) - LT(LVF))

+  B4*DCAPT * D(PERC)

where MCp 1is equal to FMASS * CPEN

The second equation represents three modes of heat transfer relative

to the valve wall node:

6.31-3
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1. conduction to or from the upstream and downstream line
wall nodes
R3 * (TW(L1l) - DT(TV))
R4 * (TW(L2) - DT(1V))
where R3 and R4 are the conducticn coefficients are

equal to 1.0/(DXF(L1)/(ACF(LL)*C(L1)) + DXV (ACV * CV))

where I = 1 for R3 and 2 for R4
2. (a) convection to or from the fluid in the valve
Bl * (DT(TVF) - DT(TV))
where: Bl was described previously
2. (b) convection to or from the external atmosphere
B3 * (D(TA) - DT(TV))
where B3 is the convection coefficient and is equal to
D(UAV) * D(ASAV)
3. radiation exchange with the surrounding structure
C1P * (D(TST) - (DT(TVW) + 460) **4)
where CIP is the radiation coefficient and is equal
to SIGMA * SHAPF * EPS3ION * D(ASAV)
These heat transfer modes are combined to produce the equation for heat

balance for the valve wall node.

*
%%ET (DT(TV) - DT(TV)OLD) = B1*(DT(TVF) - DT(TV))+R3*(TW(L1)-DT(TV))
+ R&*(TW(L2) = DT(TV))+B3*(D(TA)-DT(TV))
+ CIPAD(TST) - CIP*(DT(TV)+460.)%*4
where MCp is equal to D(VMASS) * CPVN

6.31-4
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The third equation represents a heat balance for the poppet:

MCp * (hr(TP) - DT(TP)

= * ® o - ™D
DELT y) = B2X(DT(TVF) - DT(TP)) (3)

OLI
where B2 is a convection coefficient and was described
previously, and MCp is equal to D(T PMASS)*CFPPN
Equations (1), (2), and (3) are solved for the appropriate
temperatures.
For reverse flow as shown in Figure 6.31-3 for the connecting lines

are reversed. Three equations can also be written to solve for DT(TVF),

DT(TV) and DT(TP).

DT (TV)
TW (L2) TW (L1)
\ D |
00
1 <j Flow
227720 V7773
o\ &/
TF (L2) L‘TF‘L”
OT (TP) DT (TVF)

FIGURE 6.31-3
NODE REPRESENTATION FOR REVERSE FLOW

The first equation represents two modes of heat transfer relative
to the valve fluid node:
1. conduction to or from upstream connecting line
RL* (DT (TVF) ~ TF(L1l))
where Rl is the conductlion coefficient and is equal to

CF/ (DXF(L1)/ACF(L1) + DXV/ACFV +RMF (1)*DELT/ (ACVF
*%2%RHOIL))

60 31_5




e

2. convection to or from the valve wall and poppet nodes

respectively
BLl* (DT (TV) -~ DT(TVF))
B2% (DT (TP) - DT(TVF))
where Bl and B2 were defined previously

The above heat transfer modes are combined to produce the heat

balance equation for the valve fluid node when flow is by the valve.

.tigp. % TUE - VI = % A - )

DELT (DT (TVF) DT(1VF)OLD) B1* (DT (TV) DT (TVF))
+  BL*(DT(TP) - DT(TVF))
+ RI*(TF(L1) - DT(TVF)

with all terms previously defend.

The second equation is the same as Equation (2) for a heat
balance for the valve wall node.

The third equation includes convection between the poppet, and

the downstream line fluid node

MCD 4 (DT(TP) = DT(TP) .. ) = B2%(DT(TVF) - DT(TP))

DELT OLD
+ BS*(TF(L2) - DT(TP)
where B2 was defined previously and B5 is equal to
D(UAV)*ACF (L2)

Equations (2), (4), and (5) are solved for the appropriate

temperatures.

A thermal model of the heat transfer terms for the check valve with

forward flow is shown in Figure 6.31-4.

6 . 31—6
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B4*DCAPT

INLET EXLT
FLUID FLUID
TF(L1) * —TF(L2)=
DT (TVF)
DT (TV) DT (TP)
TW(LL) » R3 A @
.////83 CI{\\ BN = CONVECTION
B4 = FLOW
D(TA) D(TST)

MnCp = STORAGE
CIP = RADIATION
B4*DCAPT = GENERATION
FIGURE 6.31~4
THERMAL MODEL
FORWARD FLOW

The hydraulic math model used to calculate the steady state pressure
drop assumes a straight line flow/pressure drop characteristic between the
cracking pressure and the fully open position. The cracking pressure drop is
set eqiral to the inlet arca divided by the spring preload and the slope, DT(5),
is set to the change in pressure required to fully open the poppet divided by

the flow at that condition which is

DT(4) = D(1)*CV*SQRT(DT(2)*AHO( )/2.0) (6)

where D(1) is considered to he the maximum valve area.

The orifice resistance at the fully open position, is used when the

flow exceeds DT(4). Figure 6.31- 5 shows graphically how this is done.

6.31~7




Ny L

6.31.2

1.

Pressure
T Slope = DT(5)
~_____ﬂ__________________7/ZET\—p= DT (3) «Q++2
T~ /
/
/
7
”/’
DT (1) / DT (2)
7
7
//
//
DT(4) — Flow GP180270 7

FIGURE 6.31-5

"_“VAL3l STEADY J7ATS PI.SSURE DROP CHARACTERTSTICS

Assumptions -

There is no conduction between the poppet and the walls since there

is little contact area and the poppet is completely submerged in

oili

The interfiace conductance between the valve and line walls is infinite
The atmosphere and structure temperatures remain constant

The emissivity of the wall material is a constant, .3

No friction is generated when the poppec moves.

The fluid exiting from the check valve is equal to DT (TVF)

There is complete mixing of the fluids in the fluid volume.
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6.31.3 Computational Methods

SECTION 1000

The fluid and wall temperatures are Initialized, ithe external
structure temperature is changed from degreces Farenheit to Rankine and
raised to the fourth power, and the default values are assigned.

SECTION 2000

This section is called from TLEGCAL via COMPE using CON #1,
if the check valve is connected so that the free flow direction is the same as
the positive flow in the leg, or CON #2 if the valve is in backwards. When
the valve 1s closed

L(3) =1 and QS = -1 or ((3) = G and QS = 1

The value Impedance is set at 1.0E8, which is essentlially an open circuit.

When the valve is fully open (ENTR = 1, QS = 1, or IENIR = 2, Q5 = -1)
plus Q>DT(4), the valve orifice impedance DT(3) is multiplied by the QA¥%%*2
term to obtain a pressure drop used in TLEGCAL.

With the same basic conditions but with Ql > DT(4) the valve characteristics
are assumed to be a constant pressure differential, plus a linear flow/pressure
gain.

When the flow guess is negative for CON #2 the constant differential becomes
a pressure rise.

The three modes of the check valve, closed, partially open and fully open
will show up in the leg as a pressure drop or rise.

SECTION 3000
Property values are assigned. Dimensions and coefficients are calculated.
The flow direction is determined. (The program is set up with the flow entering

connection line one (L1l) and lcaving through connection line two (L2). During the
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calculation the flow direction is checked. If the Flow has reversed flow

direction, the program reassigns connection numbers so that the flow still

enters connection line one). Some coefficients are then recalculated if the

flow is reassigned. A 3x3 matrix is loaded and the mathematical equations

are solved for DT(TVF), DT(TV) and DT(TP) and stored in the B computatioral

array. The calculated values are assigned to their proper storage locations

and the boundary conditions are assigned to arrays in COMMON /TRANS/.

6.31.4 Approximations

1. The distance from the valve wall node to the interface of the valve

and tube wall 1s approximated by

DXV = (D(VLENGTH)/2.0)

2. The cross sectional area of the valve walls

ACV = D(VMASS)/(D(VENGTH)*RHOV))

3. The check valve wall is treated as one node, thus the entire

valve is at the same temperature

4. The shape factors is constant at .96 as described in Section 2.0

of this manual.
6.31.5 Limitations - Not applicable.

6.31.6 Variable Listing

Variable Description

AC) Computational Array

AAA Dummy Variable

ACFV Cross Sectional Area of the Fluid in
value

ACV Cross Section Area of the Valve Wall

D(ASAV) External Surface Area

D(ASFP) Poppet Surface Area

D(ASFV) Internal Check Valve Surface Area

6.31-10
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VARIABLE

B( )

B1, B2, B3, B4,

BS
CIp
CJ
CPPN
CPVN
cv
DCAPT
DDD

DXV

EPSION

FHASS
D(ITF)
D(ITV)
KTYPE
D(MTYPE)
NTYPE
D(PERC)
PMASS
D(PTYPE)
RHOIL
RHOV
RMF,R3,R4
SHAPF
SIGMA

D(TA)

DESCRIPTION

Computational Array

Dummy Variables

Radiation Coefficient

Mechanical Equivalent of Heat
Specific Heat of Check Valve

Specific Heat of the Poppe

Conductivity of the Valve

Heat Added Due to Pressure Drop

Dummy Variables

Distance from Valve Wall Mode to

Line Wall Interface

Emissivity Factor

Fluid Mass

Initial Fluid Temperature

Initial Valve Temperature

Duwmy Variable

Valve Material Type

Dummy Variable

Percentage Heat Added to Fluid Due to AP

Fluid Mass in Valve

Poppet Material Type

Fluid Density

Valve Wall Density

Dunmy Variables

Shape Factor, Valve Walls to Surroundings
Stefan ~ Boltzmann Constant

Surrounding Ambient Temperature
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°F
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Variable

TEMP1,TFO,
TFOO

DT(TP)
D(TPMASS)
D(TST)
DT(TV)
DT (TVF)

D(UAV)

UFWIL

D (VLENGTH)
D (VMASS)

D(VOL1)

Description

Dummy Variables

Poppet Temperature

Poppet Mass

Surrounding Structure Temperature
Valve Wall Temperature

Fluid Temperature In the Valve

Heat Transfer Coefficient - External to
Valve Wall

Heat Transfer Coefficient - Fluid to Valve
Wall

Valve Length
Valve Mass

Volume of Fluid Inside Valve

For variables in common refer to Paragraph 3.3.
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6.31.7 JSUBROUTINE LISTING

SA3ROUTINL POVALIY (0,57, Do, L)
TRk Kk RLVISIP AUJH% 5, 1975 **kx
DLarNSION D(1)y,r(Ll),u2(1),L(]1)
DOURLu ?KLCIaI“ R D)
COad /TRANS/P(300),0(300),C(300) , TC(309),Tuw(399),1F(3IN0),
+ ACF(300),ACN(309),DXF(300),TIaL, Doy, PT, LT 1L, N L
COMION /COLP/LIYTL(99) ,11C(99) , M TLaP(92), Ian, I i, 1.1,
CODY /STLADY/ (9 0) , 2 (90) , PLX(90) , POLLG(20),7L(90),
+ 0N, T3, 00, PUP, L Onl, NG L NLE S, NP, TR, LS, ICT
+ o, 1AV, DIX, INZ ,N0O(90) , Mowd(20) NESLa(90), TLEGAD(29), [LL 3(1900)
COLGON /FLUID/APPRLS, CF,CEREL, PRRP, PROP( L3, 3)
DILLNSTON AN(3,3),33),1(2),PuLi(2)
I4TLGLR VOLT,AGFP, ALRV, Abh « URV, TPANOE, VASS, DA, 08D, 'Y, Ty
+ TV, .TYvPL, PTY®L, VLLNST, PLKRC, TP, [VF
C D ARRAY VARIANZLLS
DATN LIYPL/T/, PPy L/ %/ Vads3/9/, TPaA3S/ 10/ ,NOLYL/11/
+ ,\Ll\:iJ/l’/,nar3/13/ AGRV/14/,ASAV/LS/ , NI/ 06/, B RC/ 1T/
+ ,Ten/18/, 00N /19/,100/20/,100V/ 21/

c LT ATHAY VAPIASZLES

INEN PYR/T/,0V/R/,T0/9/

PDATY STI50N/.349k-11/,5HAPF/L96/ ,LbsTus/.3/,C1/8.85%/
c YOL1l  =VOLUsL OF FLUID IasINL VALVL

ASRP  =SNRFPACL AlA FLUIS O 20PPLT
ASFY  =5URSACL ARLY FLUTHD T VALVL wALL
GTYPU =0ATSETAL JYPL OF VALYL CASL
PIY 2L =aATLRIAL FYPL OF PIep) p
VHASS =iAss F JLAVE TACLUDING POPPCT (L3L)
D1)=T 4Tt 9AL DI N, Tl (I!LL)
D(2)=I ¢PEREAL NIA LTLL (OUTLLY) 20T I Ust
D(13)=POPPLT ..ASS
D(4)=3PPTIG COISTAIT
D(5)=..04 POPTLI DIPLACLaLNT
D(6Y=23PRT.I0 ®U.LOAD
IP(1)=COISTANT STORAGL
oY) CCZS”\IT ST IRAGL
OT(3)= SPORAGL MOR FULLY 2PLi} OPIFICE COLF.
or(4)= anuAur RO PREVIUNL POPPLT VLLOCITY
DP(5)=5TORNGL fOr PRLYIVJS PIPPLE ACCLLLNATILS
I(6)= 3IO%A L FOP PruVIJUS POPMLT POLTITVY
IF(ILRIP) 200C,2000,30010

Akk 10600 >LCTI0N

1790 COYRT UL

C TATPIALTZT 3G "cid PLRAYIRLS

L1=L(1)

L2=L(2)

DE(TVF)=D(I'TF)

OP(IV)=D(ITV)

2( IP)=D{ I'TV)

IR(L1)=0(ITF)

TFILY)=D(I'TF)

OO0 0n G

O

[42Y
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6.31.7 (Continued)

TC(LLY=0(11V)
FC(L2)=D(1'1V)
JO0=E(ITE)
DY r.'-;'?)=(D(":>"1‘)M 0.)**4
IF(2(NAV) L. 0.2) D(UAY)=,0060
\(]) I)(l)*x’) *')I/4
DT()=D(6)/3(1)
DT(?)=D(4)*D(5)/D(])+“”(1)
L(?)=0
RETURN
C SECTIN SR STLALY STATL CALCULANTTOM
2797 CHOIXL 0L
“T(4)=D(1)*.65*5““T(U.(“)*RHO(PP(L(l)),PUP)/2.0)
JE(S)=(0T(2)=-5w(1))/DI(4)
DI(3)={«2 TE(L(L)),PUR)/2,0)/(D(1)*.05)**2
IF(ICOV. L. 1) GG 0 16090
o Cl VALVL In COMLCT ) COIVLITIONALY ~HE'T CGi 11 Is5 JuLb
L(3)=1
TR(No.t0,1.) 50 ™. 1770
S0l 1550
1490 IF(ICUQ.'K.?) S9N 1990
O DY (e 3 TN S A R TA IS B R R )|
. Vo VALVL » SOV RCLRD JACKVNSDN VLY COY 2 IS UuL)
9 ("L, L. 1.0)) 0 o 17490
.H' ‘,\LJL, I. CLJUUD
LASE Dao=olo=n ik 3x ], 02

4

~

FI SOt e LT i~ oy
1799 IR (SALLL.0L(d)) 50 ) 1109 AN R
c SHUOIALVL IS PULLY e T VY

SIHh)Y=D(5)
D'Ju—mm NS EANNE KR ()

H ulJa ~
C Tdn BLHOw TS Lissd IV T CPULL oPLt Rt
12070 0 Jp=2i0=np( 1) % =Nk 0% 51 (6)
LTI
CHeAXATLLI GG T 0 AP L T IATLL DRIGPN kkkkk
- U O U S O l AESANEANS RN O ILL..CNL Co, 4 NS CALLe

1Yo 090 1521

3 O 0L
Li=L(1)
,2=1.(2)
TTY 2L=D( 2Y 0L )+, 001
AT ee=T(PYY Ly EL N
Cy=2007(XTYP,3)
Ch=0%02(37YvL,3)
TRP=pPrapR(NIYeL, 1)
CoV =P (iiYen, )
PTHOR=RI )P 0Y L, 2)
PHOV=PROP(RTYPL, 2)
F2=F(LY)
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6.31.7

3390
3903

-+

+ +

{Continued)

DYVs(o(VLLLST) /72.0)
ACRY=2T*(0(1))**2/4.9
ACV=MV OGS/ (RUDVED(VLLUGT.)
RAZIL=305, 4%k (D0 ( 7YY, P(L2)
FuASS=0(VNLL) * e T,
ANA=ACRY
DID=0IKT(AANKE,/PT)
UL TL=P G (ANA, DR, AR (D (L2)) , O ( PVF) , P(L2))
71=ﬁ(L2)
TiaPI=TC(L])
RaP(1)=A33(2{(LLY) *RUOIL
LLP(2)=A23((L2) Y *RONIL
AI=DENIL*D(ASPY)
A2=ULWIL*¥ D (NGWDP)
V3=0(JAY) KA ASAY)
R(1)=D.9
35=Nn,0
IF(M(LL).GL.O.%)20 1 3300
L1=L(2)
2=L(1)

)
)

RE1)=CF/(DXF(L1)/ACF(LY)+DXV/ACEVHKAF (1) *Db LI/ (ACKV** 2% ,1L1L) )

35=D(UAVY*ACK( L)
CoONTTINUL
IF(ML1).LT.N.9) .77 2)=0,0

ll( jL“C) ) k

A=0,F (1) *Cpr

P4=1,0/{SXF(LY) /(rC (L YEC(LYL) )Y HDAV/(NCV*CV))

V=1, 0/(0<"(f )/ (AC (L2)*C(L2))+3%X7/{ACV*CV))

CIP=LT 5. 0% LANPR* LD I'\ *7( LAV

D °“—(l 0/?V“Ib)*\ S(PELYY=D(L2) )Y/ (LJ*Cerel)

IS(MIL)y.unun.9) BCAPT=9,10)

\(1,1)=‘-.'\.. KOPR /O LTI+ (1 )+

%(1,2)==-2A1

A(l,3)=="7
({2,1)==11

AM2,2)=2(Vnss ) 5CoV /D LT rAl+A 3+ 4403

A(2,2)=1.9

A2, )==-22

AM3,2)Y-5.0

A(3,3)=2( 0P NS ACPRN/OLLT+0A 2435
3(])=FsAC‘*"PP *D“(fV‘)/JLL1+(\4+A(l))*i?(bl)+
SCAD IR NA*D (B <C)

T2Y=D(Y A8V RCoV AT (L) /OLLT+H Y D (L) +0 3% e (L2) +
AIFT(LA)RCTO* (L L) =CT2* ((DE(LV)+4500) ¥ %)+ (1. -
AARDCa 2
S(3)=0( 0L ALLYRCEDIRST(P) /DLL I+ 35% T (L2)

SAMLL SLooaRt(A, 3, 3,1 BO)

F (L1)="F¥
oy _'““([4’))

'f (2)=2(1)

T#01,5L,.0.0) IR(L2)=TFOC
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6.31.7 (Continued)

TC(LY)=2(2)

TC(L2Y) =3¢ M)

DI(IVE)=3(1)
DT{TVY=R(2)

YHTPY=3(7)

PLTONR

LD
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6.41 SUBROUTINE TREST41

TREST41 simulates a fixed, two-way orifice restrictor with two
connecting lines as sketched in Figure 6.41-1. The same dischargze
coefficient is assumed for flow in either direction so that the unit may
be installed backwards, i.e., eiiher end may be the entering line.

This subroutine calculates the temnerature of the fluid in the

restrictor, and the temperature of the restrictor wall.

Connection No. 1 Connection No. 2

D Flow

Orifice Diameter

~RIA0I Y

FIGURE 6.41-1
TYPE NO. 41 ORIFICE RESTRICTOR
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6.41.1 Math Model - The thermal math model for the restrictor includes heat
transfer to and from two line segments, one upstream and one downstream.

Six nodes are considered: three fluid nodes and three wall nodes (as shown
in Figure 6.41.2). The temperatures of the upstream line segment wall and

fluid nodes are TW(Ll) and TF(L]), the temperatures of the restrictor

. . ]
7777777777/
| | |

Upstream Restrictor Downstream
Line Segment Line Segment
FIGURE 6.41-2
RESTRICTOR AND CONNECTOR NODE REPRESENTATION

GP77-0065-8

wall and fluid nodes are DT(LTC) and DT(LTF), and the temperature of the
downstream line segment wall and fluid nodes are TW(L2) and TF(L2). Two
heat balance eaquations are written to solve for DT(LTF) and DT(LTC),

using the restrictor and connecting line material properties and dimensions,
the atmosphere and structure temperatures external to the restrictor, and

TW(L1), TW(L2), and TF(LL). (Note: TF(L2) = DT(LTF), see assumptions).

6.41-2




One equation is for heat transferred to and from the restrictor fluid

node. The other cquation is for the heat balance for the restrictor

wall node.

The first equation represents four modes of heat transfer relative

to the restrictor fluid node:

1.

4.

conduction to and from the upstream line segment fluild node
R1 * (TF(Ll) - DT(LTF))
where Rl is the conduction coefficient between the fluids,
and is equal to CF/(DXF(L1l)/ACF(L1l) + DXR/ACFR +
RMFL1 * DELT/(ACFR**2*RHOIL))
convection with the restrictor wall node
Bl * (DT(LTC) - DT(LTF))
where Bl is the convection coefficient between the fluid
and the wall and is equal to UFWIL*ASFR
heat transfer due to mass transfer into the restrictor
node from the upstream of the restrictor node
MCp* (TF (L1)=DT (LTF))
where MCp s the flow rate and is equal to Q(L1)*RHOIL*CPFN
heat transfer due to a pressure drop across the orifice
MCp*DCAPT*D (PERC)
where DCAPT is the temperature rise due to a pressure drop

and is equal to (1.0/RHOIL)*(P(L1l) - P(L2))/(CJ * CPFN)

These heat transfer terms are combined to produce the equation for heat

balance for the restrictor fluid:

MCp(DT{LTF)~-DT(LTF)

OLD
MCp*(TF(Ll)—DT(LTF))+th*DCAPT*D(PERC)

where MCp is equal to DT(RFM)*CPFN.

6.41-3
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The second equation represents four nodes of heat transfer relative
to the restrictor wall node:
la. ccunduction to and from the upstream line segment wall
R3 * (TW(L1) - DT(LTIC))
where R3 is the conduction coefficient and is equal to
1.0/ (DXF(L1)/(ACW(L1)*C(L1))+DXR/ (DT (ACWR)*CR))
1b. conduction to and from the downstrezam line segment wall
R4 * (TW(L2) - DT(LTC))
where R4 is the conduction coefficient and is equal
to 1.0/ (DXF(L2)/ (ACW(L2)*C(L2))+DXR/ (DT (ACWR)*CR))
2a. counvection to and from the restrictor fluid
BL * (PT(LTF) - DT(LTC))
where Bl is the convection coefficiert, defined previously
2b. convection to and from the external atmosphere
B2 * (D(TA) - DT(LTC))
where B2 is the convection coeff{icient and is equal to
D (UAR) * D(ASAR)
3. radiation exchange with the surrounding structure
CIPH (L (TST) ~(DT (LTC)+460.0) *)
where CIP is the radiation coefficient and is equal to
STGMA EPSTON*SHAPF*D (ASAR)
These heat transfer terms are combined to produce the equation for heat

balance for the restrictor wall node:

Mep (DT(LTC)-DT(LTC) ;) = R3* (TW(L1) =DT (LTC) )+R4* (TW(L2) -DT (LTC))
DELT + B1* (DT (LTF)~DT(LTC) )+B2%* (D (TA) -DT(LTC))
4+ CLP*D(TST)-C1P* (DT (LTC)+460) *%4)

where MCp is equal to RMASS*CPWR

6.41-4
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A thermal model of the above heat transfer terms for the restrictor
is shown in Figure 6.41-3. Equations (1) and (2) are solved simultaneously

for the fluid and component wall temperatures.

MCD*DCAPT

——
S
——

EXIT
INLET e FLUID
FLUID P TF(L2)=
TF(L1) R1L MECpy T T T T "*DTQIC)
- T DT(LTF)
B1
/J DT (LTC)
TW(LL) o— R . 1,
W(LL) 3 (e R4 _JTW(L2)
B2 CIP
J// \\b BN = CONVECTION
i RN = CONDUCTION
D Q
D(TA) (TST) M CP = STORAGE
MCp = FLOW

CIP = RADIATION

J
NMCp*DCAPT = GENERATION
FIGURE 6.41-3 P )

THERMAL MODEL

in the hydraulic math model, the basic equation for flow through
an orifice is used to compute the orifice pressure drop.

AP = QL**2%RHO( )/(D(13)*D(12)*%2%2) (3)

wrere Ql flow (CIS)

fluid density (LB-SECZ/INA)

2RO

n(i3) = orifice area (IN*%2)
.Y = discharge coefficient
AP pressure drop (PSI)
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6.41.2

Assumptions - The following assumptionz are made to write

equations (1) and (2) discussed in Section 6.41.1.

1.

The temperature of the fluid leaving the restrictor is equal to

the restrictor fluid node temperature, DT(LTF)

The pressure drop across the restrictor orifice ralses the tempera-
ture of the restrictor fluld, not the temperature of the restrictor
wall.

The temperatures of the atmosphere and structure surrounding the
restrictor are constant.

The emissivity of the wall material is constant, (.3 for steel)

The interface conductance between the restrictor wall and line walls
is infinite.

The discharge coefficient is considered the same in either flow

direction,

Complete fluid mixing in the restrictor volume.
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6.41.3 Computation Methods

SECTION 1000

The fluid and wall temperatures are initialized; the external structure
temperature is changed from degrees Farenhelt to Rankine and raised to
the fourth power, and the default values are assigned.

The input orifice diameter D(13) is converted to an area and a steady
state orifice equation constant is calculated using the formula:

D(13) = 1./((D(13)*D(12))**2%2)
SECTION 2000
The pressure drop through the orifice is computed using equation (4).
PUP = PUP - QL*QA%*RHO(TF(i.1)),PUP)*D(13) (4)

where PUP

upstieam pressure

QA absolute value of Ql

SECTION 3000

Property values are assigned. Dimensions and coefficients are cal-
culated and the flow direction is determined. (The program is set up
with the [low entering connection line one (L1) and leaving through connection
line two (L2). During the calculation the flow direction is checked. If
the flow has reversed flow direction, the program reassigns connection
numbers so that the flow still enters connection line cne). Some coefficients
are then recalculated if the flow is reassigned. A 2x2 matrix is loaded
and the mathematical equations are solved for DT(LTF) and DT(LTC) and stored
in the B computational array. The calculated values are assigned to their

proper storage locations and the boundary conditions are assigned to arrays

TC and TF In COMMON /TRANS/ for distribution throughout the entire program.

6.41-7




R ny

6.41.4 Approximations

L. The shape factor is 0.96 (described in Section 2.0).
2. The coefficient for heat transfer between the wall and
the external atmosphere is assumed equal to .0069,

if not input by the user.

6.41.5 Limitations
The subroutine is limited to fixed two way restrictors having the
same discharge coefficient for flow in either direction.

6.41.6 Variable Listing

Variable Description Dimension
AC) Computational Array -
AAA Dummy variable -
2
ACFR Cross sectional area of the fluid in IN
restrictor
2
DT (ALWR) Cross sectional area of the restrictor IN
walls
2
D(ASAR) Surface area surrounding atmosphere IN
to case
2
ASFR Surface area of the fluid and wall N
Al,A2 Dummy variables -
B() Computational array --
BL,B2, Dummy variables -
B3,B4
. 4
CIP Radiation coefficient WATTS/°R
cJ Mechanical equivalent of heat FT-LB_/WATTS-SEC
CPRW Specific heat of the wall WATTS-SEC/1.B-°F
CR Thermal conductivity of the wall WATTS/IN-°F
Cl Dummy variable -
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Variable

DCAPT

DDD
B(DIA)

DXR

EFSION
TERROR
D(ITC)
D(ITF)
DT (LTC)
DT (LTF)
11,L2
MTYPE
D(PERC)
DT {RFM)
RHOIL
RHOR

D (RLENGT)
D (RMASS)
RMFL1
RMFL2
D(RTYPE)
R1,R3,R4
SHAPF

SIGMA

Description

Heat added to fluid due to pressure
change

Dummy variable
Orifice diameter

Distance from wall node to interface
with the connecting line segment

Emissivity factor for the walls
Dummy variable

Initial temperature of the wall
Initial tewperature of the fluid
Restrictor wall temperature
Restrictor fluid temperature
Addresses of leg and component data
Dummy variable

Percentage heat DCAPT, added to fluid
Mass of the fluid

Fluid density

Density of the restrictor wall
Length of restrictor

Mass of the restrictor

Entering mass flow rate

Exiting mass flow rate

Material type

Dummy variables

Shape factor walls to surrounding structure

Stefan-Boltzmann constant for radiation

6.41-9
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°F
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™

°F
YF
°F

°F

LB
LBm/ShC

LBm/ShC
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Variable

DT (SPMAFR),
DT (SPHAR)

D(TA)

D{TST)

D (UAR)

UFWIL

D (VOLF)

Description

Dummy variables

Surrounding atmospheric temperature

Surrounding structure temperature

Heat transfer coefficient {surrounding
atmosphere to walls)

Heat transfer coefficient for fluid
to walls

Volume of fluid in restrictor

6.41-10
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6.41.7 Subroutine Listing

oUAROYTINE YReSF4L (D, DT, DD, L)

C *** RLVISLD VIS5 20,1076 **«
DIGENST D b(l) DT(1),00(1),L(1)
TORG0N /TeANG/2(300),7(300),C(300),TC(300),Tw{300),TF(300),
+ ACF(300) ,AC(300),2vF709), TTaL, DLLT, 21, ~LIdL, YLL
COuL /COAP/LIYPL(99) ,NC(39) ,KTLaP(99),TND, ILNTR, TLL
COLOD N /S 0=ADY/H(90),0N(90),PuX(90),PDLLC(90),0L(20),
+ O ,N5, 01, PU2, PDOWL, ANODL , NLLG, ICP, Tk,
+ LR, ICON, TNV, ITNY, T84, NUP(® ), NDu(90) , NLLL(90),
FILEGAD(9N) , ILLG(1700)
COILON /PLUTY/ATPRLG,CE,CPRY, Y1, PROP() 3, 3)
IITEART UAW, oL, I'A, VOLF ,AGAR, I'(C, I'M¢, BLIALS
4+ ,8PUAFR, SPOA RLEICY, PLRC, ACwhR, BF 4, RTYPL, DIA
DT LSTION A (2,2),3(2)
C D AKKAY VYARIAZLRG
DATA IYPL/l/,RJJaS/7/,'LhNGT/d/ VOLL/2/ ,ASAR/S/,
+ J\n/h/ PrRC/T/ NS/ YN/ /TR /Y0/,10C/ 1Y/
SATY STS0A/ . 349k l]/,bdAPF/.96/,hPSION/.3/
+ ,C1/8.85/
C D ARRAY VARTAJLLE
DATN LTC/1/,LIF/2/,8PUAF/3/,5000R/ A/ ACaR/S/ ,RwF0/6/,
+ DIN/7/

IF(IENTR) 190N0,29)),3000
1100 CoYTI.IUL

DT(RIN)=1(13)
D(13)=2(13)**2*p1/4,
DI3)=1./(((13)*D(12))**2*%2,)
DTLECY=D(I1C)
OT(LIF)=D(IF)

=L(1)
L2=L( 2)
TR(LL)=D(T10)
TRF(L2)=0(I7%)
TC(L1)=2(IvC)
TC(L2)y=u(1rC)
IETY=(D(PeT)+150) % x4
IC{D{8AR]) L300 D(AR)=0.006
GPYRLES(RIYPL)H.90)
PP(ACHI)=D(ROAES) /(PRIP( 4TYRL, 2) *D( RLLNGY) )

a'TY DL = IATLRIAL TYPL

k)(.:L 07 =PLUURLCDDR L 1GT

SRR =, \3(5(‘;-‘)*5'?1‘.(:1?1: e

ND{AGAR) =3UFACL A A RULITRICTSE 19 N3 Tody

C(ITC) =X INL ToaPLIADIY, OF C a2 i NT

D(oai)  =HEAT YanabLR CQLF‘FICIF&T SALG 1O NG TedT
2 n'\ =TLa PLIATIRL O AG 3T R

DI =L PLEANURL wr Sll'n}(,'”' ¥, DLG, ¥

o ‘-’OI fy =VOLLOL OF TLYID INne I‘)l, RLATRICWOP
FAFLY =0A8S PLv Dol IvTd RLETMRICTOKR
ND{2ASH)  =alsn IF 2L5TRICTRI wALLS

OGO 0
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6.41.7 (Continued)

¢ STELMZY =To0t o AL G COG2OULNT
l\l-' \'!r) '
c SUTLATY  SUAL, SRCeTen

2399 Cu T UL
POP=2J0= 1% A*D(13) * (W (L(1)),PUP)
R SUAS PN
3307 CongT L
LY PLEY(RTYPL)Y FLO0L

L".\ v=DPROP( 1 TYve, 1)
Ch=pPa02(uTyreL, 3)
W)= 2ROP( 1TV 0L, 2)
Li=L(1)
L2=0(2)
ACPE=D(VILR) /(D (1 LirNaT) )
VoPu=o 0P (4, *ACF/PT)Y ¥ LA RLY NGT)

o LISt PRVIGPLE ConFRUASURFACE AvLA wALL D) FLUTH
A= (ACERF2L*DP(DIN)**2/4,)
NI (AANNY AL /P
UG TL=UR (YA, D00, O (L) YV (L), P(LY))
s1=""0GTIL*PALYR
CATLE3YA L A U)X (TR(L(L))Y, P(u(1)))
(el )= VOLF) *udI L
1= A(HAR) KD A5 )
CIP=aT13 ‘*L”\I)‘ o UNPEED(\UN2)
W= ) ?L. DY/ 2.0
ll(>”x\ n)=0o1 (nlﬂ)*”P“J

PSP )= (koS ) XCPK,. ‘,\‘ . -
C Con. j””, " ST PLRA DT LD [ :

T1=CiP*(OM(LIC)+470,) %%

TEC(L1IY. S )09) 30 Ly 41090

L=

TA=L(2)
2100 CorTauL
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6.41,7

(Continued)

+ D(TAY+CTP*D( 7)) -C1

CALL STUULT(A,M™,2,ILRR0e)

PT(LPC)=7(2)
Y(LTF)=3(1)
TE(L2)=3(1)
PC{L1)=1(2)
FC(L2)=3(2)
nLPURN

L
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6.51 Subroutine TPUMP5S1

Subroutine TPUMP51 simulates a variable displacement inline piston

pump sketched in Figure 6.5l-1.The subroutine calculates the temperatures

of the exit fluid, the inlet chamber fluid, the case fluid, the internal

moving parts (assumed one node), and the pump walls.

Connection

Rotating Group

Pump Port Manifold

AR

T T TR
1

3

\Q\\\\\\\\\\\\\\\\\\\\\\Q

Connection No. 2
o T 2 /f—vme o
[A

Volume
of Inlet
Chamber

utlet

Pump Case
iviass

M‘ ///////].////d Chamber
To Case %
EaEl
Q O/
| | \—Pump Barrel ;
/\—Compensator Valve
- 7
[/
)
/]
< /
Hanger Actuator /]
%
Hanger /’ %
//////////////////////////’/////ﬂﬁ %ﬁ
Case Volume —/
Connector No. 3-—/
FIGURE 6.51-1

TYPE NO. 51 PRESSURE REGULATED VARIABLE

DISPLACEMENT PUMP GPIT 0068-19
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N

6.51.1 Math Model

The thermal math model for the pump includes heat transfer to
and from three connecting line segments, one upstream, one downstream and
one at the case drain. Thirteen nodes are considered: six fluid nodes,
six wall nodes, and one node for the internal moving parts of the pump,

called the piston node (as shown in Figure 6.51-2). The pump consists of

TWIL1)
TF(L1) DT(TBN) DT(TCN) ,~DT(TFP2) TF(L2)
N J;\ \\\\\\'\&\\\\\\W\\\\\\W\\\\\\\\ \\\\JYI\ N
P
NN /%/"w ZNNN NN
To Case
DT(TFP‘I)——/ é DTITPN) \_l :'j‘fo \_Twu.z)
% | ' \ 1Q ?
2 | 7
2 2
= ;
- 7=
% Q DT(TDN)
/A + 4 N\
% g DT(TFP3)
(Ll 7

NN

2 \\——TW(LN

TF(L3)

FIGURE 6.51-2
TYPE NO. 51 PRESSURE REGULATED VARIABLE DISPLACEMENT PUMP
AND LINE NODE REPRESENTATION

GP77.0065.22
seven nodes: three fluid (one inlet, one outlet, and one case), three watils,
one inlet, one outlet, and one around the case drain, and one node for the
internal moving parts of the pump, the piston.

The temperatures of the three line segment nodes are TF(L1) and TW(L1),

TF(L2) and TW(L2), and TF(L3) and TW(L3) for the inlet segment, exit segment,

and case drain line segment fluid and wall nodes respectively. The pump
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inlet volume temperature is DT(TFPl), exit volume temperature is DT(TFP2),
the case drain [luid volume temperature is by DT(TFP3), the pump wall
temperature, around the inlet, is denoted by DT(TBN), the wall temperature
around the exit is DT(TCN), the wall temperature around the case drain is
DT(TDN), and the pistons temperature denoted by DT(TPN).

Seven heat balance equations are written to solve for the seven pump
node temperatures, using the pump and line segment material properties
and dimensions, the atmosphere and structure temperatures external to
the pump, and TF(L1l), TW(L1), TW(L1l), TW(L2) and TW(L3). @Note TF(L2) =
DT (TFP2) and TF(L3) = DT(TFP3), see assumptions).

The first equation represents three modes of heat transfer relative
to the pump inlet fluid volume (the volume within the wall node DT(TBN)).

1. Heat transfer due to mass transfer into the pump volume from the

upstream line segment.
MCp* (TF (L1)-DT (TFP1))
where MCp is equal to Q(L1)*RHOIL*CPFN
2. Convection to or from the pump walls around the inlet volume
B1* (DT (TBN)~nT(TFPL))
where Bl is equal to D(UP1B)*ASP1B, a convection coefficient.
3. Conduction to or from the upstream fluid line segment
R1*(TF(L1)-DT (TFP1))
Rl is the conduction coefficient equal to
CF/(DXF(L1) /ACF (L1)+DXP1/ACP1+(RMFL1*DELT) / (ACF(L1)**2%RHOIL))
where RMFL1=Q(L1)*RHOIL
These three heat transfer modes then combine to produce the heat

balance equation for the pump inlet fluid node.
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) = (RI+MCp) *(TF(i.1)~DT (TFPL))+

MCp *(DT(TFP1)-DT(TFPL)

DELT OLD

B1* (DT (TBN)-DT CI'FP1))
with MCp equal to FMASS1*CPFN

The second equation represents three modes of heat transfer relative

to exit volume two (the volume within wall node DT(TCN) of the pump manifold).
la. Convection .o or from the piston node.
B3* (DT (TPN)-DT(TFP2))
where B3 is the convection coefficient equal to D(UP2P)*ASP2P.
1b. Convection to or from the pump walls at the exit chamber of
the pump manifold, node DT (TCN)
B8* (DT (TCN) -DT (TFP2))
where B8 is equal to UP2C*ASP2C
2. Heat transfer due to mass transfer into the fluid volume from
the inlet volume.
MCp* (DT (TFP1)-DT (TFP2))
where MCp is equal to Q(L2)*RHOIL*CPFN
3. Heat added directly to the fluid due to compression, friction,
and the piston moving parts.
D(HTREJ)*.323
where D(HIREJ) is defined in the Technical Summary.
These heat transfer modes are combined to produce the heat balanace
equation for the pump exit fluid node.
MCp_ #(DT(TFP2)-DY(TFP2) ) = B3*(DT(TPN)-DT(TFP1)) + MCp* (2)
DELT OLD
(DT (TFP1)-DT(TFP2)) + .323 * D(HTREJ)
+B8* (DT (TCN)-DT (TFP2))
The third equation represents threce modes of heat transfer relative to

volume three within the pump case.
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2a.

2b.

Heat transfer due to mass transfer into the case volume three
from the inlet, and exit volumes respectively. (Leakage flows).
DT (QLEAKL) *CPFN* (DT (TFP1)~DT(TFP3)) and
DT (QLEAK2) *CPFN* (DT (1FP2)-DT (TFP3))
where DT(QLEAKL) is equal to D(COECIN)*(P(L1)-P(L3)) and
DT(QLEAK2) is equal to D(COEPLK)*(P(L2)-P(L3)).
Convection to or from the pump mass node around the case.
B5% (DT (TDN) ~-DT (TFP3))
and B5 1s equal to UP3D*ASP3D
Convéction to or from the piston mass node
B2* (DT (TPN)-DT (TFP3))
where B2 is equal to UP3D*ASP3P
Heat added to the fluid due to the heat rejection term
«24%D(HTREJ)

where D(HTREJ) was defined previously.

These heat transfer terms combine to produce the heat balance

equation for the fluid volume 3 in the case drain.

MCp *(DT(TFP3)-DT(TFP3) ) = DT(QLEAK1) *CPFN* (DT (TFP1)-DT(TFP3)) (3)

DELT OLD

+DT (QLEAK2) *CPFN* (DT (TFP2)-DT (TFP3))
4+B2% (DT (TPN)-DT(TFP3))+B5* (DT (TDN) -

DT(TFP3)) + .24*D(HTREJ)

where MCp is cqual to FMASS3*CPFN

The fourth equation represents four modes of heat transfer relative

to the pump wall mass (inlet manifold mass) around the inlet volume.

6.51-5




la.

1b.

lc.

1d.

2a.

2b.

Conduction to or from the pump wall node around the exit volume,
(manifold node DT(TCN))
R9* (DT (TCN)-DT (TBN) )
where R9 is equal to COB/(DXB/ACB+DXC/ACC)
Conduction to or from the upstream line wall segment
R3* (TW(L1)-DT (TBN))
where R3 is the conduction coefficient equal to
1.0/(DXF(LL) / (ACW(L1)*C(L1))-+DXB/ (ACB* COB)
Conduction to or from the pump wails around the case fluid volume.
R11* (DT (TDN)-DT (TBN))
where R11 is equal to COB/((DXB/ATR+DXD/ACD)*2.0)
Conduction to or from the piston node
R5* (DT (TPN)~DT (TBN))
where R5 is equal to 1./(2.*(DXP/(D(ACP)*COP)+DXB/ (ACB*COB)+
1.0/ (D(ASPB)*D(CBP)))).
Convection to r from the pump fluid in inlet volume, fluid
volume one.
B1*(DT(TFPL)~-DT{TBN))
with Bl defined previously.
Convection to or from the surrounding atmosphere
B6* (D (TA)~DT (TBN))
where B6 is equal to D(UAB)*D(ASAB)#*D1
D1 is equal to D(VOL1)/(D(VOL1)+D(VOL2))
Heat added due to the heat rejection term
. 125%D (HTREJ)

D(HTREJ) has been defined previously .
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4. Kkadiation exchange with the surrounding structure

C2*(D(TST)-(DT(TBN)+460)**4)
where C2 is a radilation coefficient equal to C1*D1 where
Ci equals SIGMA*EPSION*SHAPF*D(ASAB) and D1 defined previously.
These heat transfer terms combine to produce the heat balance equation
for the pump wall (manifold wall node B around the inlet volume).
ﬁgg_*(DT(TBN)—DT(TBN)OLD) = R3+(TW(L1)-DT(TBN))+R9* (DT (TCN)-DT (TBN))
DELT (4)
+ R11*¥(DT(TDN)-DT(TBN)) + RS5*(DT(TPN)-
DT (TBN)) + B1*(DT(TFP1)-DT(TBN))+

B6* (DLTA)-DT(TBN)) + .125*%D(HTREJ)
+C2*% (D(TST) ) -C2* (DT (TBN)+460. ) **4

where MCp 1s equal to D(TPMASS)*CPBN*D1.
The fifth equation represents three modes of heat transfer relative to
the piston node.
la. Convection to or from the fluid in the exit chamber
B3* (DT (TFP2)-DT(TPN))
with B3 described previously
1b. Convection to or from the case fluid
B2* (DT (TFP3)~-DT(TPN))
with B2 being defined previously.
2. Conduction to or from the pump manifold walls
R5% (DT (TBN)~DT (TPN))
R8% (DT (TCN)~DT(TPN))
when R5 is as defined previously.
and R8 equals 1./ ((DXP/(D(ACP)*COP)-+DXC/(ACC*COB)
+1./(D(ASBP)*D(CBP))*2.)
3. Heat added to the piston mass from the heat rejection term

.187*D (HTREJ)
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These heat transfer terms comoine to pruduce the heat balance equation

for the piston node.
HQR“*(DT(TPN)-DT(TPN)OLD) = B3*(DT(TFP2)~-DT(TPN)) +
DELT (5)
B2* (DT(TFP23}-DT(TPN)) +
R5+(DT(TBN)-DT (TPN) )+.187*D (HTREJ)
+R8% (DT (TCN)-DT(TPN))
where MCp is equal to D(PMASS)*CPPN
The sixth equation represents four modes of heat transfer relative to
the pump manifold wall node surrounding the exit volume, Node C.
la. Conduction to or from the downstream connecting line segment
R4* (TW(L2)-DT (TCN))
where R4 equals 1.0/ (DXF(L2)/(ACW(L2)*C(L2)) + DXC/(ACC*COB))
1b. Conecution to or from the piston mass
R8% (DT (TPN)-DT(TCN))
where RS was defined previously.
lc. Conduction to or from the two pump wall node manifold B
(inlet, volume wall)
R9* (DT (TBN) - DT (TCN))
1d. Conduction to or from the case wall node
R10* (DT (TDN)-DT (TCN) )
where R10 is equal to COB/((DXC/ACC+DXD/ACD)*2.)
and K9 was defined previously.
2a. Convection to or from the exiting fluid node
B8* (DT (TFP2)-DT(TCN))
where B8 was defined previously.
2b. Convection to or from the surrounding atmosphere
B9* (D(TA)-DT (TCN))

where B9 is equal to D(UAB)*D(ASAB)*D2
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3. Heat added to the walls due to a heat rejection term,
.125%D (HTREJ)
where D(HTREJ) was defined previously.
4. Radiation exchange with the surrounding structure.
C3%(D(TST)~ (DT (TCN)+460.) **4)
where C3 equals C1*D2 and Cl was defined previously, and D2
equals D(VOL2)/(D(VOL1)+D(VOL2)).
These heat transfer terms combine to produce the heat balance for the
pump wall around the exit volume, manifold wall node (DT(TCN).
ﬁgg_*(DT(TCN)-DT(TCN)OLD) = R4* (TW(L2)-DT(TCN))+RI* (DT (TBN)-
DELT (6)
DT (TCN))+R8* (DT (TPN)-DT (TCN) )+.125%
D (HTREJ)+R10% (DT (TDN)-DT(TCN)) +
B9* (D(TA)-DLT(TCN))+B8* (DT (TFP2)-DT (TCN))
+C3#D (TST)-C3* (DT (TCN)+460.) **4
where MCp is equal to D(TPMASS)*CPBN*D2.
The seventh equation represents three modes of heat transfer relative
to the pump walls surround the case fluid.
la. Conduction to or from the case drain connecting line wall segment.
R7* (TW(L3)-DT (IDN))
where R7 is equal to 1.0/ (DXF(L3)/(ACW(L3)*C(L3))+DXD/(ACD*COB))
1b. Conduction to or from the two other pump manifold wall nodes,
around the f{nlet and outlet respectively.
R11* (DT (TBN)~-DT (TDN))
R10* (DT (TCN)-DT (TDN))

where R10 and R1ll were defined previously.
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2a. Convection to or from the fluid in the case volume
B5* (DT (TFP3)~DT(TDM))
with BS5 defined previously.
2b. Convection to or from the external surrounding atmosphere
B10* (D(TA)~DT (TDN))
where B10 is a convection coefficient equal to D(UAD)*D(ASAD).
3. Radiation exchange with the surrounding structure.
Clk (D(TST)- (DT (TDN)+460) )
where C4 is equal to SIGMA*EPSION*SHAPF*D(ASAD)
These heat transfer terms combine to produce the heat balance
equation for the case wall node.

ggn_*(DT(TDN)-DT(TDN)OLD) = R7*(TW(L3)-DT(TDN))+R11* (DT (TBN)-

DELT (7)
DT (TDN)) + R10* (DT (TCN)~DT(TDN))
+B5% (DT (TFP3)~-DT (TDN) )+B10* (D (TA)
-DT(TDN))+C&*D(TST)~L"* (DT (TDN)+
460) **4

where MCp is equal to D(PDMASS)*CPBN.

A thermal model of the above heat transfer terms for thc pump is
shown in Figure 6.51-3.

Equations (1) thru (7) are solved for the appropriatec temperatures.

In the hydraulic math model the variable delivery pump generates fluid
flow in response to system flow demand. The output pressure is a function
of outlet flow. The steady state pump simulation models the pump
characteristic flow versus pressure out curve (Figure 6.5-4),the characteristic
leakage from high pressure to pump case, the leakage from pump case back to

inlet and the pump outlet flow versus inlet pressure curve.
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CASE
. 24%D (HTREJ) EXIT
. FLUID
—_— - TF(L3)=
DT (TFP3) - DT (TFP3)
Pt
{_Cp
3FJL\17 .323%D (HTREJ)
DT (QLEAKL I(QLEAK2) -=
. ¢ *égpN ) *CPFN k3 EXIT
FLUID .G N Y M ;zr TF(L2)=
: 1“P) MCp A1, Y . U
DT (TFP1)
Bl .187%* B2 B3 B8
D(HTREJ)
/'
e DT (TPN) 125%
D (HTREJ)
RS
DT (TBN) _\(ii////’
TW/L1) R3 /g;Cp R9 N LTW(L2)
DT (TDN)
\Q R11
.125%D (HTREJ)
B10
B9
c2 C4 .
R7
BN = CONDUCTION 2
MUp = STORAGE \\\\
MCp = FLOW / TW(L3)
RN = CONDUCTION D(TST)

CN = RADIATION
D (HTREJ ) =GENERATION

FIGURE 6.57-3

THERMAL MODEL
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(0,DT(Q3)) ¢ (DT (RPFQ) ,DT(Q2R))

FLOW

X (D(RFOQ) , 0)

PRESSURE

FIGURE 6.5-4

Pump Outlet Flow vs OQutlet Pressure Curve
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6.51.2

1.

6.

7.

Assumptions

All internal moving parts are evaluated as one node, all at
the same temperature, DT(TPN).

The mass of the pump walls are modecled as three nodes, two

top mainfold nodes one each associated with the inlet and exit
fluid volumes, and the third wall around the case volume.
External temperatures remain constant.

Interface conductances between pump wall and connecting lines
is infinite.

The fluids leaving volumes two (exit) and volume three(case)
are equal to DT(TFP2) and DT(TFP3) respectively, so there is no
interaction with the downstream line fluids nodes.

The emissivity of the walls remains constant, .3 for steel.

Complete mixing occurs in the fluid volumes.

6.51.3 Computational Methods

Section 1000

The fluid and wall temperatures are initialized, the external

structure temperature is changed from degree Farenheit to Rankine and raised

to the fourth power, and the default values are assigned.

Section 2000

outlet.

The pump subroutine is called in the order inlet, case drain and

The inlet pressure is determined from the pump flow node. The pump

rated flew ut che operating RPM is calculated as

DT (QZR) = D(RQ)*D(RPM)/D(RRrM)

The pump flow at zero system resistance is

DT(Q3) = 1.05*DT(Q2R)
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If the inlet flow is less than the pump minimum inlet pressure D(PSMIN),
a new rated flow is computed iLased on a straight line interpolation between
10 psia and D(PSMIN). When inlet pressure fails below 10 psia a warning
message is printed.
On entry into the case drain section the leakage flow from high pressure
to the pump case is calculated as
QPCD = D(RCDC)-(.3*(DT(QOUT)/D(RQ))
The flow that leaks back to the inlet from the case is a function of
the case flow out the port and QPcD. The case pressure is computed based on
this flow difference.
DT (Pcasg) = D(RCDP)*(1-QQ/QPCD) + DT(PINLET)
Using the flow outr of the pump the characteristic : =sure out is calculated
fer flow less than DT(Q2R)
DT(POUTLT) : D(RPOQ)-{D(RPOQ)-D(RPFQ))* (QQ/DT(Q2R))
If the flow out is greater than DT(Q2R)
DT{POUTLT) = (DTQ3}-0Q)*D(RPFQ)/ (DT (02R)-DT(Q3))
The actual pump outlet pressure is calculated using DT(POUTLT) from
the characteristic curve and adjusting this to account for the actual pressure
in the case less the case pressure at which DT(POUTLT) was set.
POUT = DT(POUTLT) + DT(PCASE) - D(PSET)
Section 3000
Property values are assigned. Dimensions and coefficients are
calculated. A 7 X 7 matrix is loaded and equations (1) through (7) are
solved for DT(TFPl), DI(TFP2), DT(TFP3), DT(TBN), DT(TPN), DT(TCN) and DT(TDN).
The calculated values are assigned to thelr proper storage locations and the

boundary conditions are assigned to TF and TC in COMMON/TRANS/.
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6.51.4 Approximations

1.

2.

The heat transfer coefficients for fluid in the case to the case

walls is one thirdof the coefficient from fluid 'n volume one to

the case walls.

Many distances and areas are approximated.

6.51.5 Limitations

The pump model cannot handle cavitation at the inlet port.

6.51.6 Variable Listing

6.51-15

Variable Description

ACB Cross sectional of maniiold wall node B, around
the inlet volume

ACC Cross Sectional area of manifold wall node C,
around the exit volume

ACD Cross sectional area of manifold wall node D,
around the case volume

D(ACP) Fstimated cross-sectional area of the rotating group

ACP1 Estimated cross-sectional area of the inlet fluid

ACP2 Estimated cross-sectional area of the outlet £luid

ACP3 Estimated cross-sectional area of tih case fluid

D(ASAB) External surface area of the pump walls

D(ASPB) Contact area, walls and the internal mass (pistons)

ASPIB Surface area, inlet fluid to walls

ASP2P Surface area, outlet fluid to pistons

ASP3P Surface area, case fluid to walls

ASP3P Surface area, case fluid to internal mass (pistons)

B Dummy computational array

Dimensions

IN.2

1N. 2

N. 2

IN.

IN.

(%)

IN.

IN.

1~

IN.

IN.

IN.

IN.

IN.

IN.




6.51.6 Variable Listing (Continued)

Variable

B1,B2,B3,
BS, B6

D(CPB)

cJ

COB

cop

CPBN
CPPN

Ci
D(DELTA)
D(DELTAL)
DXB

DXC

DXD
DXP
DXP1
D1,D2
EPSION
FMASS1
FMASS?
FMASS3
D(HTREJ)
D(ITF)
D(ITB)
LTYPE

NTYPE

Description

Dummy variables

Interface Conductance between the piston and walls

Mechanical Equivalent of Heat

Thermal couductivity of the walls

Thermal conductivity of the pistons

Specific heat

Specific heat

Dummy variable

Distance from
Case Depth
Distance from

Distance from
of lines

Distance from
Distance from

Distance from

of the walls

of the pistons

connection one to piston chamber

wail node to interface of lines

internal fluid node to interface

exit f£luid node to interface
piston node to interface

fluid one node to interface with line

Dummy variables

Emissivity factor

Inlet fluid mass

Qutlet fluid mass

lase fluid mass

Heat rejection term

Initial temperature of the fluid in the pump

Initial temperature of the pump & piston masses

Durmy variable

Dumny variable
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Dimensions

WATTS/ IN. 2°F

FT—LBm/WATTS—SEC

WATTS/IN-°F

WATTS/IN.-°F

WATTS-SEC/LBy~°F

WATTS-SEC/LBy-°F

IN.
IN.
IN.

IN.

IN.

IN.

LBy
LBy,
LBy,
WATTS
°F

°F




6.51.6 Variable Listing (Continued)

Variable

DT (PCASE)
DT (PINLET)
D(PMASS)
DT (POUTLT)
POUT

PP

D(PSET)

D (PSMIN)
D(PTYPE)
DT (QCD)

DT (QLEAKL)
DT (QLEAK2)
Q2C

DT (Q2R)

D(RCDL)

D(RCDP)

RHOB
RHO L
RHOP
RMFL1,
RMFLZ,
RMFL3
D(RPFQ)

D(RPM)

Description

Case Pressure

Inlet Pressure

Piston Mass (all internal moving parts)
OQutlet Pressure

Dummy Variable

Computational array

Pump Case Pressure at rated flow
and pressure

Minimum inlet pressure

Piston Material Type

Case Drain Flow

weakage flow high pressure to case
Leakage flow case to inlet

Dummy Variable

Rate Flow adjusted for
operating RPM

Case drain flow at rated
conditions

Maximum pressure differencs between
pump case and inlet

Case material density
Fluid density
Rotating group material density

Dummy Variables

Rated pressure at full flow

Pump operating speed
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pimenqions
PSI

PSI

PSI

PS1

CIS
CIS

PSID

LB /]N3
w

LB /IN3
mn

LB /1IN
m

PSI

RPM




6.51.6 Variable Listing (Continued)

Variable Description Dimensions

D(RP0OQ) Rated pressure at zero flow PSI

D(RQ) Rated flow CIS

D (RRPM) Pump speed at rated flow and pressure RPM

RPM Dummy variable -

R1,R2, Dummy variables -

R 3,R4,

R5,R7,

R10,R11

SHAPF Radiation shapf factor for the external walls -

SIGMA Stefan-Boltzmann radiation constant WATTS/IN.2-°R4

D(TA) Surrounding atmospheric temperature °F

DT (TBN) Temperature of the pump walls °F

DT (TFP1) Temperature of the inlet fluid °F

DT (TFP2) Temperature of the cutlet fluid °F

DT (TFP3) Temperature of the case fluid °F

D(TPMASS) Pump wall mass LBy,

DT (TPN) Temperature of the internal parts, piston °F

D(TST) Temperature of the surrounding structure °F

D(UAB) External heat transfer coefficient of the pump WATTS/lN.2—°F

B(UPIB) Heat transfer coefficient, inlet fluid to the walls WATTS/IN.2—°F

D(UP2P) Heat transfer coefficient, outlet fluid and the WATTS/IN.2-°F
piston )

Ur3p Heat transfer coefficient, case fluid and the walls WATTS/IN.2—°F

D(VOLL) Inlet volume IN.3

D(VOL2; Qutlet volume plus cylinders volume IN.3

D(VOL3) Case volume IN.3
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6.51.7

OGO C.OO000CaGoCaO00000C0

C *kk

1100

Subrouting Listing

BU3RCUCTwL TPJaP’1 (D, 07, 00,L)
DLOENGTION D(1),01(1),00(1),L(1)
COOl 7 TRANS, P(300),0(300),C(300),TC(300),Tw(300),1TF(300)
+ ,ACKF(300) ,ACw(300),DXe(300),TImk, DLLT, PT,LINE,NLL
COaOM , COny LPYPE{99) ,NC(99) , KTLaP(97), IND, TLits , Th 0
COwuduw 7 3TEADY/PN(90) ,O0(90),PLI(90),PDLLG(90}, 3{v0),
+ DN, 00,21, PUP, PDOWH, NNODL , NLLG, 4C R, Thi  LLGH, ICON, 1INV,
+ INX, ING,WUP(90),8DwN(90" , NBLL.L(90), T".LGAD(90), ILLG(1000)
COmnOn ¢ FLUT Y AEPRLS,CEL CPEN, ¥ L, 2ROP(13,3)
QLWL ISIOW P(T7,7),.3(7)
INTLGL® T3T, Y, VOuL1,VOL2, PuASS, VOL], TRPUASS ,ACP, AbAL,
JAXALPS,CUP, &P ,IP2P, 0LLIA,UPLS, DOUT
P PUY L, A PL L2, PR3, Dan, PPN, DLLAK]D, QLLAK 2, pCALL ‘
p il POGALS TON, TCn, n b, RPOQ, KD, FRPL, PSHTN, RCDP,
POLY, OELOAL, POUTLT, PLaLLT, 33, 22R,RCOL, HTRLT, QCD, POUT
T OARKAY VARIASLes
DAY alYeL/ 1y, PTYPL/ 2/, TPaASS/ 3/, PiNSS/ 4/ , PDLAGS/ S5/ ,VLL1/ 6/,
voun2/7/,VOL3/ 8/ ,ACK/ 9/ ,AsP3/ 10/ ,UP2P/ 11/ ,UTRLI/ 12/ ,DLLTN 13/,
ALA3/ 14/ ,ABAD/ 15/ ,UM3/ 15/, C3p/ 17/ ,UPL1i3/ 18/ ,15T/ 19/,
PAS 207 ,10%72)7 ,1T3/ 22/,
RO/ 237 ,R20.0,/ 24, ,RP./ 25/ ,RPOQ/ 267 ,kPF Y/ 27/,
Pualir 230 (RCHE 29/ ,2COL/ 30/, P30 31/, DLLIAY/ 32,
DTOAKLAY VARIABLES
UATA DPR2Y/ 1/ ,TREP2/ 2/, PR Y, Ty A L Ras S/ ,AQLLAKLY 67, QLRAK2/ T/
+ 0920 %, ,03,9/,71 Lt 10/ ,TC8/ 11/, TN/ Y2/ ,PCABYL/ 13, , POUTLT/ 14/
+ ,CHL/LSS ,PIUN/ 15/
OATA 5T/ . 349L-11/,54aPF/ .96/ ,L23I0N/0,.3/,CJ/ 8,85/
DLLTA  =T.41, DISTANCL FRO. IALLT TO OUTLLT TdROUGH Tiin PLSTOwn
DLLYAY =Tuabk TOPAL OnPli OF Tdl OkAIN 39wl
ITESGIT3I=INITIAL ThLePLRALUKL
UA3 SHLAT TRANSFLr COLPt, ATWO2HLARL 10O CASL
ASAY =L JdRFACE AL cATLRNAL TO CASEL DRaln wALL
POOASL =PUAP WALL anss OF CAasL ORALN LWALLS
cap =TdTEPACE CONDUCTAICL, PISTIN 'fU CAsL
VoLl =0libnt VoLUan
VobL2 SLATT Vultlak TACLUDES CYLINCLR VOLUGLS
VOL3 =C Ao, VOLUnL
A3V2 =CONLACT Nt A TTrR IV, PANTS, PTSTON, TC CAsL
CP =CRO53 2uCTLIOoMAL axbkn OF TUTAL PILoTON, INTLANAL
RTINS
JelrP =ueAT Tehadobu CucFRICILNG Ploiuudl T LAl FLUIY
JLLAK] =LEARAGL FLug FnOq IILLE PO DxATN
urls =HLAT MrANOFLIG COLFF, Choi Jr PLLWON TO FLUTIOS
PSS =0To 70 GABS
TRANSS =2U0P adAsh SURRQOUNRLING VOoLYaLs 18 2,10 00T NG
320 3P/ AING=50625.wAT S
IR(ILNY)1N06,2009,3070
19060 5uCPIo
COITINUL
Ll= l.l( 1 )

v 4+ 4+ +

+ + + + +
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6.51.7

~
N~

C

<y O

k%

299390

2140

999

2101

2290

(Continued) ,

L12=L|(2) ;
L3=L(3)
INITIALIZING TrdPLRATURLS
TC(LY)=0(1vs) .
TC(L3)=D(ITJ3) L
TF(L3)=0D( 1) )
TC(L2)=D(1I'13) P
PE(L2)=C(I'1F) A
TH(L1)=D(ITF) i
Cr(TFPL)=D(ITF) .
DT(ICH)=0( 13} “
DE(E W) =D(ITY) A
DL(21FR2)=p(ITF)
DL (TTE3)=D(TYF)
DT B ) =D(I13)
DL rPu)=L(I'Cr)
D LPo)=(D(T3™)+460,)**4
IF(C(UPl3).L2,0.0) D(UPL1B)=,1
IF(LV(UAL) LD D.0) 2(UAaA3)=,006)
IF(D(UP2P) . LD, 0,3) D(UP2P)=3,0
D(PInLLT)==-1,
DT(LJy) =19,
RLYT Ikt
2000 suCTIv.
COIPL UL
Ui, PUGP I3 CALLED L. ik JRDLk
COii = INLLT: Cuil 3 = CAok DRATd: COw 2 - OUTLLYT
IP(ICOUN=-2) 2170,20135,2200
I.Le i
DU(2RY=D(RIY*D(OP )}/ D(RUP.y)
Y(N3)=1.05% 5 T(22%)
If(ud(2LnLLT) o de=1,)50 TO 2101
OT{PT Lt =i wdvd (I4RL))
IN(OP(PLVLE ™Y ChW DI 2301.4) ) AL TURS
32C=,1
[R(DT(PLLLT) ST 10,)C2C=00(Q2R) ¥ ((D( »3.1a)=DT(PINLLT))

+ /(D(Pb\:l\)"l().))

YP(D2R) =220
IF(or(PILLT) LT 10 ) ukIle(56,929)
FOROAT( 13X, 400a0AI G PGP INLE D PobLosoURE SLLOn 10 PLI)
KL Mkt
DT(EINLLY) =
RbTURE
IF(IvAa.NLol) GO IO 2790
CAot. CPATL
3-’\:'91
F(Q1l.L2.0.0)272=0,0
'\PLu— (LCDL)Y~( L 3*(DT(NUUT)/D()))
DU(NLLAK2) =0rCD
F(O1,3% NECD) 29=2PCD
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6.51.7 (Continued)

2019

2029

2030

26090
2700
2300

.k k

339

DI PCASL)=D(RCDP)*(1,-20/0PCL)+DT(PINLLT)
DT(2CI)=Q¢

DT(ILLARL)=DT(QC)=DI(QLLAK2)

pUYP=+0"( PCASL)

I4v=0

PRDLEG(INLL)Y=0T(PCAsL)-DT(PINLET)

RLY IR

IF(INY. iko1) GO T 2730

QUTLLT

2¥=21

IS ( Q) LI.0,0)020=0.0

IA(R1.CD.00(23))2Q=DT(03)

D 20UL) =20

IF( LG 0 (Q2R))S0 M 2020

DI POULLT)=D(RPUI) - (D(RPIQ) =D(KPFQ) ) *(QQ/DT(J2R))
SO TO 2030

OT( POULLE)=(OL(03)=0Q) *D(RPFQ)/ (DT(Q2R)=-D1(Q3))
IF (O POUTLT) LL.OLO)DI(2OUILT)=0,0
DT(POUT)=DT({POUTLL)+DI( PCACL)-D( PSELET)

I (D0 POUT) , LT. O ( PCAGL) )DT( POUL) =0T ( PCASL)
SUP=DT( POUT)

14dv=0

2Lt G(INLL)=DDl( POoCT)

Ru Tl

WwRITE(6,2800) Iwo, ICO%, INLL

FORAAT(5X, 4611 CALL SCOULNCL wikkUR DLlnCrud I CunPINL i Hu

+ I5,14n CLuNLCUION NG, 15, 7hiLuLG RO, ,I5)

s5TUe 5900

3909 L.LCCTun

CG. I'T 0L

Ll=L(1)

L2=L(2)

L3=L{3)

XTYPL=D( DY PL)+,001)
ANLPL=O(PTYRL) +. 001
CE?.=PRIOP(KTYPL, 1) |
CPPIi=PRIOP(NYPL, 1) -
CIO3=pPxUP( YL, 3)
COP=PROP(w~{YL, )

CPCH=CP I

CPS=C Pl

RaiP=200P (Wi ePn, 2)
BECYI=PROPLIIYOL, 3)

ARLAS & DISPANCRS ArL LolTadTho
N1=D{JOLL)/ (D(JOLL)+ 3(VOL2))
D2=D(VOL2)/ (D(VOLL)Y+D( VLT 2))
DAPL=D(BLitA)/ 4,0
2A3=D(oLL Y)Y, 1.0
DXC=D(OLLIN), 4,0
DXL=0(DLLTALl)/ 2,
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6.51.7 (Continued)

PDEP=D(RP1AS)/ (KHOP*D(ACP))

Cl=0I uA*LPSION*SUHAPF*D(ASA])

C2=C1*Dl

C3=C1*D2

CA=SI5un*LPSTOH*SuAPP*D(ASAD)
RHOIL=336.4*RUAG(IT(iFel), (P(L3)+P(L1))/2.)
FIAASS1=D(VOL1) *RdO1LL

FOuAss2=(D(Y0L2) ) *uOIL

F.A353=0(VOL3) *xilOIL

CotASS=D( P \3YL) *n7

3uASS=D( IPLALS) * D1

AC3=30A50/ (RHO3*D(DLLTA), 2,)

ACC=CaALYy/ (RBOB*Q(OLLIA)Y/ 24)

ACD=O(PLINBS)/ (RUGI*D(DLLTAL))
ACPL=D(VvOL1)/D(DOLLDN)

ACP2=0(vOL2) (D(OLLTA)/ 2,0)

ATP3=0(VULl3)/ (O(DLLTAL). 2,0)

ASPL3=3 ORI 4.XACPY/ PI)*PL*D(DLLTA)
ASPII=SWMI( 4. *ACP3/ PI)*PI*D(DLELTAL)
ASP2P=5Tnt (4. *ACP2/PI)*¥PTI*D(DOLLTA)/ 2,

ALP2C=o . (4. *ACP2/ PT)*PTI*D(CLLTA)/ 2,

NSP3IP=L LT (4,7 ACET, PIYAPI*O(DLLTAL)

ASPI=3 L (ACR* L, " PI)*21I*O(DLLIA)

HEAL CoNaOFLh COLPF,AKL CONBTANTS=503TUs dR~-FT2-F(.,11 «ATTS
» Tw2=F) JLFaJLL VALUL

Up3i3=0(uprls), 2.

UrlL=ur33*2,, 3,

uAL=D( U 5)

Up2C=H(elP)/ 2.0

KOPFLI=AA5(0(L1) ) *2d0IL

A PL2=R 365 (A L2)) *rAUIT

el L3=+A35(C(L3)) *KUHUIL

3200 kI=CP/ (DXE(LL)/ACF(LL)+2XPl/ACPL+( RarLLI*DLLT), (ACP{L1)

+ FRZXuGIL))

P3=1,0/ (DAP(LY1)/ (ACH(LLY*C(LY1))+DX3,/ (ACB*COL))
wd=1,0/7 (X (L2, (ACW(L2)*C(L2))4+2XC/ (ACC*CO3))
£5=1,07 ((0AR/ (D{ACY) *CuP)+OX:3s (AC3I*COL) +
+ 1o/ (D(ALP3)*D(L3v)))*2.)

n7=1.0/7 (DAC(L3)/ (ACS(L3)*C(L3))+DAD/ (ACu*Cus))
12=CO3/ (DX 3/ ACH+DXCr ACQC)
£1)=CO3/ ( (DAC/ACCH+DX0s ACD) *2.,)
R11=CG3, ( (DX3/ AC s+IXD/ACD) *2, )

k3=1./ ( (DXy/ (D(ACP)Y*COP) +DXC/ (ACCH*TUB)Y+1 .7 (D(ASP3)*D(C3P)))*2,)
31=0(0rl3) “aokl

32=UPIB*ALP3P

33=D(UP2P) *ABP2?P

A5=5P3n*AasP3D

26=3(Uho) *D( 10A2) 0l

$8=UP2C*A5P2C

39=D(UA2Y X D(ASAI) AD2
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6.51.7 (Continued)

31 )=UAD*D(AbvAD)
P1,P2 P3 3,P,C,0, AODLs IN ORDLR
NO 3333 1=1,7
DO 3333 J=1,7
PP(I,J)=0,0
3333 3(1)=0.0
3330 vo(1,1)=FuAcc1*CePr/ DELTHRI+CPEI*RGLFLI+3]
Pr(1,4)=-31
B(l)=FmAbbl*CPFN*Di(TFPl)/DbLT+(R1+CPPN*RAFL1)*TF(Ll)
PP(2,1)==kat'L2*CPFr
PP(2,2)=F A3 2*CPF/ DLLT+HRAFL2*CPPEN+334+38
PP(2,6)==-38
PPR(2,5)=-23
3(2)=Fudou2*CPEN*DT(IPP2)/DLLT+0.323*D(LTREJ)
PP(3,1)==DT(QLLAK]) *CPFN
PP(3,2)=-DL(QLLAR2)*CPFN
PP(3,3)=FIABL3*CPRN/ DLLT+35+DT{ QLEAK2) *CPFA
+ +DT(QLLAKL) *CPerii+32
PP(3,7)==-45
PP(3,5)=-32
3(3)=FUAGS3*CPENYD I (TFP3)/DLLT+9, 24*D(1'I'RLJI)
PP(4,1)==31
Pe(4,4)=8uA0L*CPBR/OLLT+RI+RI+R5+31+30+Kk]11]
pp(l‘l,G):"RQ ’
re(4,7)=-R11
PP(4,5)=~-Kk5
B(4)=2nAoS*CP3N*OT( I'sw ),/ DELT+26*D( TA)+R3*IPw(L1) +
+ C2*D(IST)~-C2* (DU P3A)+460, ) **4+0,125*D(dTxLJI)
PP(5,6)==-k8
PP(5,2)==33
PP(5,3)=-32
PP(5,4)==-R5
PP(5,5)=D(Pudod) PRI/ DELT+33+35432+1R3
3(5)=D( PaABS) *CRON* DT (TP)/DLLT+0, 137*D(1iRLJ)
PP(6,4)==-RY
PR{6,5)=-Kk8
20{6,7)==-112
Pr(6,2)=-38
PP(6,95)=CauAss*CP3L/ DLLT+id+13+29+R10+383+39
3(H)=CaABL*CPIW*DI( ICN )/ DLLT+R4* Pw( L2) +39*D(TA)+C3*D(ToT)
+ =C3*(V(ICH)+460, ) **4+,125*D(1ITRET)
¢P(7,3)=~35
PP(7,4)=-R11
Pe(7,6)=-R10
PP(7,7)=0{Poudnh) *CPMY/ DLLI+7+R10+R1I1+B5+310
S(7)=D(POGASL)*CP3n*OD(TON)/ CLLTHRT* LW (LI)+3LH*D(LN)
+ +CAXAD(I37)~CA4*(DT( o) +460,)**4
3600 CALL STAULT(PP,3,7, ILPROR)
DL(TFPL)=3(1)
Do(TFP2)=38(2)
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6.51.7 (Continued)

OT(IPFP3)=3(3)
DT( B )=3(4)
DT (TCR) =B ( 6)
DT(TDH)=1(7)
DT(1PI)=3(5)
IF(L2)=3(2)
TF(L3)=3(3)
TC(L1)=3(4)
TC(L2)=3(6)
IC(L3)=B(7)
LHD
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6.61 SUBROUTINE TRSVR61

TRSV61 models a hypothetical constant pressure, constant temperature
reservolr that can be used in test simulation work as sketched in Figure
6.61~1. Tre input pressure is mainiained without fluctuation while
the flow rates are adjusted to meet the line requirements. A maximum
of four connections can be used.

This subroutine calculates the fluid and wall temperaturas of

the component at each counection.

Cor.nection No. 1 Connection No. 2

> Flow X

FIGURE 6.61-1
TYPE NO. 61 CONSTANT PRESSURE RESERVOIR
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6.61.1 Math Model

The thermal wath model for the reservoir includes heat transfer
to and from one to four connecting line segments. They can be either
downstream or upstream of the reservoir. To understand TRSV61 we shall
look at a hydraulic system with twe reservoirs connected by a line as

shown in Figure 6.61-2. The line is downstream of reservoir one and

. s S LW Th2 ///ﬁﬁ;;;;j//
/] é TLFq TLFp ] %
7 v 9
% pd % 2
7 2
g = » 2
Z Flow f 4‘
%
/
777777 Line~/ D (ITCly (IS TSI,
D (ITF)n

e (ITC)4

FIGURE 6.61-2
RESERVOIR NODE REPRESENTATION FOR SAMPLE SYSTEM

GP77-0085.4

upstream of reservoir two. As is discussed in subroutine TLINEA. the

line is divided into equal segments. In Figure 6.61-2 the temperatures

of the fluid and wall of reservoir 1 are D(TTF), and D(ITC), the temperature
of the fluid and wall of the line segment connecting reservoir 1 are TLF1

and TLWP the temperatures of the fluid and wall of the line segment connecting

reservoir 2 are TLF? and TLWZ, and the temperatures of .he fluid and wall of

6.61-2




reservoir 2 are D(I'I‘F)2 and D(I'[‘C)2 . For downstream connecting
line segments, such as these similar to segment 1 in Figure 6.61-2,
the subroutine assigns the temperatures of the reservoir fluid and
wvall as end conditions of the reservoir, and boundary conditions of
the first line segment,

TF(L1) = D(ITF)l

TW{L1) = D(ITC)1
For upstream connecting line segments, such as those similar to segment
2 in Figure 6.61-2, the subroutine assigns the temperatures of the
reservoir wall to the reservoir connection, or the boundary condition
of the line segment

TW(L2) = D(ITC)2
and also assigns the temperatures of the fluid entering the reservoir

to the temperature of the line segment, TF(L2) = TLFZ. Note however

that the temperature of the fluid in reservoir 2 is D(ITF)2 and eventually

the fluid entering reservoir 2 will equal TLFZ. In the hydraulic math
model the input constant reservoir pressure is assigned to the reservoir
node number.
6.61.2 Assumptions
1. Fluid and wall temperatures of the reservoir remain constant,
except the fluid entering a reservoir makes the reservoir fluid
the same temperature as the fluid in the connecting line.
2. The reservoir is assumed to have an infinitely large gas volume
so that the pressure remains unchanged.
3. The interface conductance between the reservoir walls and the

line walls is infinite.
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6.61.3 Computation Methods

SECTION 1000

The number of active reservoir connections is determined from the
NC( ) array. A DO loop is then set up to initialize all the connecting
line wall and fluid temperatures.

SECTION 2000

The node number of the reservoir is determined and the flow into
and/or out of the reservoir is summed for each active connection.

D(4) = D(4) + QR
Counter, L(6), is incremented by 1 each time an entry is made until the
counter is equal to the number of active connections. Once the total
net flow has been determined, QN(N) is calculated
QN(N) = D(PRESS) * 20.-D(4)
An external pressure array is get to a constant value
PEX(N) = 20.0

The total flow and counter, L(6), are then set to zero.

SECTION 3000

The number of connecting line segments and flow direction are
first determined. Property values are assigned. The exiting fluid and all
wall connection temperatures are assigned. The assigned values are put into
arrays TC and TF in /TRANS/.

6.61.4 Variable Listing

Variable Description Dimension
D(ITC) Initial temperature of the reservoir walls °F
D(ITF) Initial temperature of the reservoir fluid °F
Q(LI) Flow in connector T CIS

N Reservoir node number -
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Variable

D (PRESS)
TF(LI}

TC(LI)

Description

Pressure of reservoir

Temperature of fluid leaving reservoir

Temperature of reservoir wall connected to

connection I

6.61-5

Dimensions

PSI

°F

°F




6.61.5 Subroutine Listing

C

)

(@)

A%k

1941

1719

1
>
O
~

1592

107

31105
30490

SUIROUTINL TRLURGY (T, DT, DD, L)

RlVIol AYIUST 5,1075 *xx

COMuDY /TN IN/P(30)),0(300),C(330),TC(300},Tw(390), 1¥(300),
+ ACF(309) ,AC.(390),D%F(300), TToL, DLLT, PI, MLIsL, L L

CCu s /to.p/LrYpL(DO) HC(D0) , KTLaP(99), TN, It UTw, THLL
€010 ) /3TLANY/PN(ON) , NI(90), PLX(90), PDLEG(9D), NL(9D),
+OOA, NS, 0T, PR, P'OIJ,MNUWL,.Lzb,iCIJ TLRs,
LLE T IC0N, IV, INE, T, RUP(90) , 30w (90) , NLLba(90),
+ILLGAD(ID), ILI 5(1090)

CO3aDY JFLITY/ATPRE L, CP, CPRW, FinuP, PROP(13,3)

IanaL? SRPI

ATt 95Tus o(1), 90 (1) ,NI(1),L(1)

o'"\ PSS/, TR/ 2/, THC/ 3/

[S( 10 3TR) 17909,2900,3000

CHLITANE

T(4)=

ACI=AC(IND)

[ N i &

e e BN =~

N e)?
CHhe T L

=N (T D)
f'[\=/\l

T¥ = tDLbLon T 30
(I % M .1) SO 71
‘\}?:—",l

=UP (I h)

DAY= (4)+
L{A)=L(6)+1
WRIPL(A,999)1 LT, 1,01, PUP
CUOCGAT(IOY R REVRY L ITLY, 20L12.59)
IV(L(5) . L L(5) )Y RLT I

NI EN(PIRLEE)*20,=0( 1)

pE I LLG

3k f
) 14801

PL( $)=20.9
S(4)=0.9
L(%5)="
D) =n( 70 aY)
L

ColTwilg

oo 3992 I=1, IC

i=L(1)

IR(3(N).GT.0.0) 33 1o 20946
TR(N )= (I 0R)

PC( )=(171C)

Cudtt UL

ALTP

[P
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6.62 SUBROUTINE TRSVRAH2

TRSVR62 simulates a bootstrap reservolr. The subroutine can
accommodate up to four low pressure lines along with a high pressure
(bootstrap) line, as shown in Figure 6.62-1. The calculated variables

are, the reservoir fluid, wall and piston temperatures.

Low Press Piston Area

Connection No. 2

High Press Piston

Area
Connection No. 3
.
Connection No. 1\ 7
Connection No. 4 {
Connection No. 5~
Volume 2
Zero \— Low Press Piston
Stroke Volume 1 Area Exposed to Atmosphere

GP75 0108 14

Figure 6.62-1

TYPE NO. 62 BOOTSTRAP RESERVOIR
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6.62.1 Math Model

The t'iermal math model for the reservoir includes heat transfer
from three to five connecting lines, one high pressure line, at least
one upstream line and at least one downstream iine. Three reservoir
nodes are cons‘dered, one wall, one piston, and one fluid node. There
are two nodes, one fluid and one wall for each connecting line segment,
and in our model we will consider five lines or ten uodes, so that

there are a total of thirteen nodes in the math model, as shown in Figure

6.62-2.
T™W(L2)
TF(L2)
//——TF(LS)
TW(L3)
DT(TR)
—— u
Flcw
- DT(YP)
TW(L") v J//F—
TF/L1) ’ ~
N ammmw  Ww— s
-2 v~ ’ '.’ é
. U Nﬁ("
1
A r— H
Flow \\
s m — — Open to
\— Atmosphere
TW(L4) TDT(TRF)

TF(L4)
TWILS)
TF{L5)

FIGURE 6.62-2
BOOTSTRAP RESERVOIR AND LINE NODE REFRESENTATION

GP77-0085-20
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The temperatures cf the high pressure line segment nodes are TW(L1),
and TF(L1) for the wall and fluid respectively. The two upstream line node

temperatures are TW(L2), TW(L3), TF(L2), and TF(L3) for the wall and fluids,

and the two downstream connecting line segment node temperatures are TW(L4),
TW(L5), TF(L4) and TF(L5) for the wall and fluids respectively. The
reservoir fluid temperature is DT(TRF), the wall temperature is DT(TR),
and the piston temperature is DT(TP). Not every case has five connecting
lines, but for this discussion there will be.
Three heat balance equaticns are written to solve for the through

reservoir node temperatures, using the reservoir and line segment
material properties and dimensions, the external atmosphere and structure
temperacures, and TW(L1l). TW(L2), TW(L3), TW(L&), TW(L3), TF(L1l), TF(L2),
ar: TF(L3) (note: TF(L4) and TF(L5) equal DT(TRF), see zssumptions).

The first equation represents two modes of heat transfer relative to
the reservoir fluid.

la) convection to and from the reservoir walls

Bl * (DT(TR)-DT(TRF))
where Bl is a convection coefficient equal to
DT (ASFR) * o(UFR)
lb) convection to and from the piston node
B2 * (DT(TP)-DT(TRF))
where B2 is also a convection coefficient equal to
D(AREAL)*D (UFR)

2) heat transfer due to mass transfer into che reservoir volume
from the connecting lines segment MCp*(TF(L2)-DT(TRF)) for line
two and MCp*(TF(L3)~DT(TRF) for line three where MCp is the
mass flow rate term equal to RMF(IL)*CPFN and RMF(I) is equal to

Q(L(I))*RHOIL with I=2 for line two ana I=3 for line three.
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These heat tr»- er terms “hen combine to produce the heat balance

for the reservoir fluid node

MCp * (DT (TRF)-DT (TRF)

OLD) = B1*(DT(TR)-DT (TRF))+B2* (DT (TP)-DT (TRF))
DELT

+ ﬁCp*(TF(LZ)—DT(TRF»+ﬁCp*(TF(LB)—DT(TRF))
(1)
where MCp Ls equal to FMASS*CPFN

The secoad equation vepresents three modes of heat transfer relative
to the reserveir wall node.
la) convection to and from the reservoir fluid
I 2% (DT (TRFY~DT (TR))
where Bl 13 defined previously.
b) conveciion to and from (he external atmosphere
B3* (3{TA}-D1“TR))
where B3 is eqiasx to D(ASA)*D (UAR)
2a) conduction t> ard from the '+ nnecting line segment walls
R(1) * (TW(L(I))-DT(TR))
where R(I) is the ¢.nduction cocfficient equal to
1.0/ (DXF(L(1))/(ACF(L(J))*C(L(I)) +DXR/(ACR*CR))
and I= L to 5 for each of the five (onnecting lines

considered.
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b) conduction to and from the piston node
R9* (DT (TP)-DT(TR))
where R9 is equal to 1.0/(DXR/(ACR*CR)+DXP/(ACP*CP)+1.0/
(AC?*2,0%D(CRP))).
3. radiation exchange with the surrounding external structure
CIP* (D (TST) - (DT (TR)+460)**4)
where CIP is a radiation coefficient equal to SIGMA*EPSION*

SHAPF*D (ASAR)

These terms then combine to produce the heat balance for the reservoir

wall
MCp * (DT(TR)—DT(TR)OLD) = B1*(DT(TRF)-DT (TR))+B3*(D(TA)-DT(TR))
DELT
+ > R(I)* (TW(L(I))~DT(TRF)) +R9* (DT (TP)-
I=1

DT (TR)+CIP*D(TST) ~CIP* (DT (TR)+460.) **4
where MCp is equal to D(RMASS)*CPRW
The third equation represents two modes of heat transfer relative to
the reservoir piston
la) convection to and from the reservoir fluid node
B2* (DT (TRF)-DT(TP))
with B2 defined previously
b) convection to and from the high pressure fluid
B5*(TF(L1)-DT(TP))
where B5 is equal to D(UAR)*D(AREA2)
c) convection to and from the external atmosphere
B4* (D(TA)-DT(TP))

where B4 1is equal to D(ASAP)*D(UAR)
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2. conduction to and from the reservoir wall node
R9* (DT (TR)~DT (TP))
where R9 has been defined previously
3. radiation exchange with the surrounding structure
CLPP*(D(TST) - (DT(TP)+460.)%%*4)
where CIPP is a radiation coefficient equal to
SIGMA*SHAPF*EPSTON*D (ASAP)*.69.
.69 was used since the shape factor for the piston is
not nesrly equal to .96 but .96*%.69 = .6624
These terms than combine to produce the heat balance equation for the piston

) = B2* (DT (TRF) -DT(TP))+B5* (TF(L1)-D"(TP))
+ B&*(D(TA)-DT (TP))+R9* (DT (TR) -
DT {TP) )+CLPP*D (TST)~-C1PP* (DT (TP)
+460.)%%4 3)

MCp * (DT(TP)-DT(TP)

DELT OLD

where MCp is equal to PMASS*CPPW
Equations (1), (2), and (3) are solved for the appropriate temperatures
A thermal model of the above heat transfer terms for the reservoir

is shown in Figure 6.62-3.
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l:1Cp* }:iCp*

INLET DCAPT(2) DCAPT (3) EXIT
FLUIDS //,/ FLUIDS
Z N
TF(L2)+ M,Cp ’/// —— — VF(L4) =
DT(TRF)
. T =
TF(L3) MCp - -‘ET§¥§%>
TW(L1) /" DT (TRF)

Bl £l

TW(L2) R(1) \\\\
R(2) ,/QZ(TR) 07 (TP)

~RY__ BS ———TF(L1)
M‘)('y—_
-

R(4)
TW(L‘#)/ ¢Ip C1P> :
y///// B3 SN v BN = CONVECTION
TW(LS D (T3T) ;! ,MCp = STORAGE
DTA) § MNCp = FLOW
. * R(N) = CONDUCTTON
_ CIP(N) = RADIATION
FIGURE 6.62-3 NICp*DCAPT (N) = GENERATION

THERMAL M) :EL
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The steady state high and low reservoir pressures are determined as
follows.

A sign conventiorn 1s established such that flow into the low pressure
end is positive. A pseudo leg (see Figure 6.62-4) that terminates at low
pressure node N is established. The pressure at the external end of this leg
is set as the average of the pressure at node N PN(N) and pressure calculated
for node N using the piston area ratio times pressure at node M, PMN where!

PMN = PN(M)*DT(NAREAR)+DT(EXPRES)

Any difference in PMN and PN(N) will produce flow in the pseudo leg and hence
an unbalanced system. As TLEGCAL balances the flows at all system noues, the
pseudo leg flow is forced to zero which in turn forces PMN and PN(N) pressures

to be equal.
(PMN + PN(N))/2

Y
!
PSEUDO LEG — RSVR LOW PRESSURE NODE (N)
]
\ |
|
i RSVR HIGH PRESSURE
) NODE ()
|
|
CON #2 ————j:::::::§l
|

= PN(N) PN(M) CON #1
CON #5

Y
DT (QNET) DT(QNET)* (D(AREA 2)/D(AREA 1))
Figure 6.62-4

RSVR62 STEADY STATE FLOW DIAGRAM
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6.62.2 Assumptions

1. The fluids exiting from the reservoir are &vual to the calculated
value of the fluid in the reservoir, DT (TRF).

2. The emissivity of the walls remain constant, .3

3. The entire mass of the reservoir walls is at the same temperature

4. The temperatures external to the reservoir remain constant

5. The interface conductance between the reservoir walls and the line
segment walls is infinite.

6. Seal friction is zero

7. Complete mixing occurs in the flufd volume.

6.62.3 Computational Methods

SECTION 1000

The fluid and wall temperatures are initialized, the external
structure temperature is changed from degrees Farenheit to Rankine and
raised to the fourth power, and the default values are assigned.

SECTION 2000

This section sums the flows into and/or out of the low pressure
chamber as the entry is called for each active connection. It also
determines overboard flow at the high precssure node (M) and low pressure node (N).

SECTION 3000

Property values are assigned. Dimensions and coefficients are calculated.
The flow direction is determined. (The program is set up with the flow
entering connection line one (L1) and leaving through connection lines four
and five (L4) and (L5). During the calculation the flow direction is
checked. 1If the flow has reversed flow dircction, the program reassigns
connection numbers so that the flow still enters connection lines three and two4
Some coefficients are then recalculated if the flow is reassigned. A 35x3

matrix is loaded and the mathematical equations are solved for DT(TRF),
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DT(TR) and DT(TP) and stered in the B computational array.

values are assigned to their proper

The calculated

storage locations and the boundary

conditions 2re assigned to arrays (TC and TF) in common /TRANS/ for distribution

throughout the entire program.

5.62.4 Approximations

1. Shape factor for the piston, SHAPF is multiplie

d by .69 since

this is a good representation of the real shape factor piston

to the surrounding structure, .96%.69 = ,622¢4

6.62.5 Limitat*nng

Reservoir 62 is limited to four low pressure connections and one

high pressure connection.

6.62.6 Variable Listing

Variable
AC)

ACP

ACR
D(AREAL)
D(AREA2)
D (ASAP)
D (ASAR)
DT (ASFR)
B()

B1,B2,B3,B4,
BS5

clip
Cipp
cJ

Ccp

Description

Dummy computational array

Cross sectional area of the piston

Cross sectional area of the reservoir walls
Piston surface area, low pressure side
Piston surface area, high pressure side
External surface area of piston

External surface area of the reservoir wallis
Internal surface area of the reservoir walls
Dummy computational array

Dummy variables

Radiation coefficient for the reservoir
Radiation coeffizient for the piston
Mechanical equivalent of heat

Thermal conductivity of the piston node
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Variable

CPPW
CPRW
CR

D(CRP)

DXP

DXR

EPSION
PMASS
D(ITF)
D(ITR)
KTYPE

D (MTYPE)
D (PERC)

D (PHEIGHT)
PMASS

D (PTHICK)
D(PTYPE)
R

RHOIL
RHOP
RHOR

D (RMASS)

R1,R9

Description

Specifc heat of the piston node
Specific heat of the reservoir walls
Thermal conductivity of the reservoir walls

Interface conductance between the piston &
reservoir

Distance from the piston node to the wall
interface

Distance from the reservoir node to the
line segment wall interface

Emissivity of the walls

Reservoir fluid mass

Initial temperature of the fluid
Initial temperature of the reservoir walls
Dummy variable

Reservoir material type
Percentage of DCAPT added to fluid
Piston height

Piston material mass

Piston wall thickness

Piston material type

Dummy array

Density of the fluid

Density of the pilston mass
Density of the reservoir mass
Mass of the reservoir walls

Dummy variables
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NATTS—SEC/LBm—°F

WATTS—SEC/LBm—°F

WATTS/IN-°F
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IN.

LB
m
°F

°F

IN.
LB
m
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m
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m

LB /IN.
m
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Variable
SHAPF
STGMA

D (STROKE)
D(TA)

TFO
DT(TP)

DT (TR)

DT (TRF)
D(TST)

D(VAR)

D(VFR)

DT (VOLUME)
D(VOL1)

D(VOL2)

Description

Shape factor for the walls
Stefan-Boltzmann radiation constant

Total piston stroke

Temperature of the surrounding atmosphere
Dummy variable

Temperature of the piston mode
Temperature of the reservoir wall node
Temperature of the reservoir fluid node
Temperature of the surrounding structure

Heat transfer coefficient external to the
reservoir

Heat transfer coefficient internal to the
reservoir

Calculated volume of the reservoir
Initial volume, low pressure side

Initial volume, high pressure side

6.62-12

Dimensions

WATTS/IN2-°R4

1N.

°F

°F
°F
°F
°F

WATTS/IN2—°F

WATTS/IN2—°F




-

6.62.7 Subroutine Listing

SBEROUTINL I'RSVRG2 (D, LT,DD,L)
CHAxdx RLVISED JANUARY 24, 1976 *kxx
C0mOf /PKANS/P(309),Q(300),C(300),TC(300),TH(300),TP(300),
+ACF(300),ACN(300),UXF(300),TIML,DELT,:I,NLI\L,NLL
CO 1D /COAP/LTYDL(QQ),NC(90),KTtu?(99),IND,IbNTR,INLL
CD a2\ /SPbADY/pN(9U),QN(90),PLX(OO),PDLbG(QO),CL(OO):?A,QS,Dl,
+ JUP,PDUWQ,V&ODE,NLLG,MCPH,PhRH,LLGN,ICON,INV,INX,INZ,
F2(90) ,NDN(20) ,NLLEL(90),
+ILEGAD(99), TLLR(1090)
CO 1N /FLUI?/ATPRLJ,CF,CPFN,FTth,PHOP(13,3)
DIAGENETION (1) ,D27(1),0%(1),L(1)
DILLISTON A3,3),8B(3),RaF(6),IF0(6),R(6),DCAPT(S)
IHTRGRR XRbAl,‘Rl‘Q,VOLl,VOLE,STROKH,Q&ET,LXPRLb,PZ,
FORASS  ASAR, UAR, WUFR, PHLIGHT, PTHICK, ASAD, PLRC,
+ TYPL, PTYOL, TA, TS, I'tF, I'TR, ASFR, VOLUn , PR, TR, TAD, CRP
DATH ARLA1/4/,ARLA2/5/,VOL1/6/,VOL2/7/,INPOS/Q/,ATYPL/l/
+ RIYPL/2/,RAASSE/ 3/, PILISHD/ 9/, PTHICL/19/
+ ,%SRQ/Il/,ASﬁP/l2/,UAJ/l3/,UFR/14/,PLRC/17/,STROKL/16/
+ ,0SL/1%/,TA/19/, 1TV / 20/, T0R/ 21/ ,CRP/15/
C T ARRAY VARIAZLLS
DATA GQLT/I/,&X?%hé/Z/,NARtAR/3/,P2/4/,TRF/S/,TN/6/,TP/7/,
+ ASFR/3/,V0LGL/Y/  SAXYCL/ 10/
DATA SIGHQ/.34“L-11/,SHA°F/1.0/,LPSION/.3/,CJ/3.35/
IT(INTY) 1709,2009,3006
1709 Cont INUL

C PLYPL  =PISTON JATeRIAL TYPL
C JTYPL SRBVR CASE wATERTAL TYPL
C ARLAL  =PISTGT ARBA(Rile IGRY*PuIDTA)
C APEA? =NIS] PRLESTRL ARLA
C ROASS =RBYR CASL «ASS (L13S.) ‘
C JACT =ilUnSLr OF CONJLCTIONS (LIYLS TOTAL
o ASAP  =S5URFACL ARLA PISTOH TO AGBTIhL™
c VILI  =VOLALL OF FLOUTIN I CHAGBER AT Ztk0 STRONL
C VOL2 = VOLUiL OF FLUTS Id GIGH PRESSUZe CRALZLR AT
c L0 SUROKL,
C ST20UL = o\X PISDPDM SPROVL
D(LSI)=(D(TUr)+460, ) %% 4
< IVITALIZI N TLalLRATJPhe
dCT= [ (IND)
"y 1901 I=1,CI

TF(L(I))=D(ITF)
TC(L(I))=R(ICR)

1101 CONTIIUE
DT( PRF)=D(ITF) ey
DI(TH) =3 ITR) S A
DT(TP)=N(I7x)
ATYPL=D(PIYPL) +, 001
REIP=PROP(JDPLPL, 2)
IF(T(UAR).£.9.0) D(UJAX)=.0055
IF(D(HFR).L0.0.N) D(UFR)=,n0
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6.62.7 (Continued)

DT(VOLIGL ) =N ARLAL) *D( T 1POL)
ST IAXVOL) =D (STRONL) *D(NPLAL)+2(VOLL)

YP(ASFR)=D(ARLAL)4 2. *DT(VOLUG) /DIARLAL) *D( PHET2HT)

++2,*DT(VOLUILE) /D( PHETGHT)
IF(D(ASAD) ,L0.0,0) D{ASAP)=D(ARLAZ2)*.906

D(RAAG3) =D (RIASL) ¥, 93=D( PriICK) *(D(ARLAL) + 2( ARLAZ) ) *RLOP

DT(NARBAR)=D(AREA?)/D(ARLAL)
DTLXPRPLS)=ATPREO* (D(APLAL)=D(AREA2)Y/D(ARLAL)
DT (L) =0.0
L(7)=
L{AR)=uC (I D)
RE-TuUR:

Sk k kR AN OADY SUATY, OLCTINDN**kkx

[ON®]

20010 CLNTTNOL

()

(@]

L(7)y=L(7)+1
IF(ICOINLE,LY GO 10 2499
GEMDIN(INRL)
[.:( R)=tl
IF(IK. L. 1) S0 6 2200
A= 1P INLL)
L( Q)=.'
S0 0 2500

2A00 =7l
macat(TOLL)

L(‘;)':;l ) 't',v'
TR(IMY. in,1) GO 0 2790 TR
==Y o

A= 30P( I 'LL)

L(9)=n

2790 DT(MILT)=DT(DOILT)+ R
2290 IF(L(S) L. L(7)) RLYTIRS

LH=L(8)

N=L(9)

I"(‘.L\.A) “RT'PL(6,2900)

IF(PN(.:) . 0.0.0) PR(3)=30020,
17(21( %) L7, 1.0) BU(e1) =P 1) *PT(IARLAK) 4P (LA
Pod=20 () * T (QARLAR) +OT (L3
()= (D142 4(¥) ) *20.) /2, =0T ()
SEGLY =00 (ONe ) X (OARLAR)
DL(P2)y=p ()

DEY(M)=2D,

(L) =0L 10

L{7)=D

2900 FORGAT(SA, 451HRSVKA? PLIUT XL Tl MODLE FOR 300

FLTC
3070 CTONDTLNIL
KEPYRL=ED(LTY L)+, 001
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6.62.7 (Continued)

3013

207

3729

NTYPL=D(PTYPL)+.N01
CR=PROP(KTYPL, 3)
CP=PROP(NIYPL, )

CPRW=PROP( XTYPL, 1) fbff“f RERFT ne o

’ o ?‘\I i ‘, o 9
CPPU=PROP(HTYSL, 1) DS LY FULS
RIOR=PROP( KTYPL, 2 R

RCT=NC(1.aD)
Rdﬁ[L=3?G.4*RHU(0T(IRF),DT(PZ))

RO 3003 1=2,4C1

Df(VOLUMt)=0T(VOLUuL)+Q(L(I))*DLLT
IF(”T(VQLUML).CT.DT(mAXVDL))DT(VOLUIE)=DT(JAXVOL)
IF(DF(VULUJL).LT.D(VOLI))WPITL(6,900)

CORGAT (LR, 354% k%% QARNTING ‘THL RESERVOIR IS buLPIY,

+ 17d-PROSRAL CONTINUING,//)

IF(DE(VOLUnu).LP.D(VOLl))DT(VOLUnh)=D(VOLl)
FAADSET(VOLOLL) *RIOTL

MR=N{STRUKL) /2.0

ACL=D(RJNSb)/(RHDP*D(STROKb))

DXe=D(21 1342) /2.0
ACP=D(PTHIC?)*(D(AHL\1)+D(ARLA7))/D(PH&ISHT)
PAKS&=(D(\Rth)+D(ARLK2))*D(PTHICK)*PHOP
OT(AS”R)=D(ARLA1)+?.*DI(JOLU“kf/D(APLAl)*D(PHLISHT)

++2.*DT(VQLUHL)/D(?dLISUT)

31=LT(ASFL) ¥ D (UF )
32=D(AncAl) *2(UrR

P3=2(A5R) XD (UAP)

534=3(\5AP) *D(JUAX)

35=D( N) *¥D(AKL1?2)
R9=1.0/(DXR/(ACR*CR)+DXP/(ACD*CP)+1.0/(ACP*2.O*D CkP)))
CIO=STIGAYIUNPR* PG T IN*D(ALAR)

CI22=5I% A SUAPPALDSTO 1N ALAP) %, 59
RaF(L(1))=325(2(L(1)) ) *XICTL

B 3020 1I=2,4CI

TEO(LIT) )=TF(L(T))

T "L

FLOTD, dALIS, PLAMY, NODLS I OWED
3(1,1)=0.9
A(2,2)=1.0
2(1)=0.1
I(2)=0,9
7 3799 1=2,.CI
RaF(I)=O(0(T))*Ru0IL
TA(WL(I)).LL.O.D) 2aF(I)=0.0
DCK?T(I)=(l‘/RHOIL)*(P(L(I))-P(Ll))/(CJ*CPF!)
H(I)=1.0/(0XF(L(I))/(ﬂCn(L(I))*C(L(I)))*DXR/(ACR*CR))
M 1,1)=A(1,1)+R4F(1I)*CPFH
A2,2)=N(2,2)+k(1)
(

B(1)=R L)+20F(I) *CPRAOXIPF(L( 1))
6(2)=%(2)+2(I)*?J(L(I))+RHF(I)*CPPN*DCAPT(I)

3700 CONLIUL
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6.62.7 (Continued)

R1=1.0/(DXF(L(]))/(ACJ(L(l))*C(L(l)))+DKR/(ACR*CR))
B(Z)=B(")+D(RJAS$)*CPR“*DT(PR)/DLLT+RI*T~(L(1))+33*3(PA)
+ +C[P*D(TST)—CIP*((D(TR)+460.)**4)
3(1)=b(1)+FnASS*CPFV*DT(PRF)/DLLT
A1, 1)=A(1,1)+FudSS*CPFI/DLLD+31+32
A(1,2)=-31
I\( 11 3)=‘32
A(2,1)=-31
A2, 2)=7(2, 2)+D( FAS3S) *CPRo/NDLLT+31+334+R9
3 (2,3)=-R0
W3, 1)==32
A(3,2)==-K9
A(3,3)=20008*CPP,,/DLLT+324+24+4R9+35
3(3)=PHAL$*CPDN*DP(TP)/DPLT+&4*D(PA)+CIPP*D(TbP =CLe2%((2(17)
+ ri60,) ¥ *X4)+35%Tr(L1)
ALL STLHLY(AN, 3,3, ILFR0OD)

W]
i
—_
]
P
1
~
[{]
w
—_—
[ o)
~

2r(Te)=3(3)

No 1809 I=2,3C1

TE(L(T))=1(1)

TC(L{I))=7(2)

IF(2HLID)) .. 0.9) DF(L(T))=TPO(L(I))

3399 COITT. L
RLANR

LN’
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6.69 SUBROUTINE THEX69

Subroutine THEX69 simulates a varlety of heat exchanger configurations
which includes shell, tube and flat plate types. Each can have unidirection
flow, counter flow, or cross flow, as shown in Figure 6,69-1. ‘

The subroutine calculates the exterior wall temperature, the hydraulic

fluid and cooling liquid temperatures, and the interior wall temperature,

of either pipes, {ins or flat plates (whichever is considered).

Cooling
Cennection 3 Fluid Oil Connection 1
. '!F///—
=]
2 xmmm&% 52219;:;
[
1352122:7ﬁ/5727752%577~ ‘ ;
7 R
20
7 4 S
¢ V. v o
”" /, < Pi
b pe
X :' /_
d

Cooling
Fluid

_////
Connection 4

Connection 2

FIGURE 6.69~1
TYPE NO. 69 HEAT EXCHANGER
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6.69.1 Math Modei

The thermal math model for the heat exchanger includes heat transfer
to and from four connecting line segments, L0 hydraulic segments and two

cooling segments, as chown in Figure 6.62-2.

Cooling
Liquid Qil
N N
TF{L3) 7 , 7 TF{L1)
TWIL3)I~J ) % [ —TWILD)
T 077
DT(TEW) /]
AU /]
DT(TEC) 1
3 | 1
o =Dl | X
K3 %
EEE ‘/"q' '"",""I'(’I’l”,”"’q”l”” J ::
..‘ X / / -, :.. Pipe
DT(TED)—~_[3 = 2. KV
0:4 tq X
' )
j
/
TW(L4) )
Y,
Coohng‘ B \\:\\\ !
Liquid s
AN NN AN ‘I
DT(TEF)] \Fins /// ;
748
N 7 7
A
TF(L2) ,.,
Qil
FIGURE 6.69-2
HEAT EXCHANGER AND LINE NODE REPRESENTATION
GP77.0065:21
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The heat exchanger is represented by four nodes, one exterior wall
node, one interior wall node (representing pipes or tubes etc), one
hydraulic fluid node, and one cooling fluid node. Each connecting line
segment (hydraulic and cooling) 1s represented by two nodes, one fluid
and one wall. The temperature of the heat exchanger wall node is DT(TEW),
interior wall node is DT(TREP), hydraulic fluid node is DT(TEF) and cooliag
fluid node 1s DT(TEC). The temperatures of the hydraulic connecting line
segment wall and fluid nodes are TW(Ll), TW(L2), TF(L1), and TF(L2). The
temperatures of the cooling liquid connecting line segment wall and fluid
nodes are TW(L3), TW(L4), TF(L3)=D(TECl), and TF(L4) = TEMPCOT. (Note:
TEMPCOT=DT (TEC), see assumptions).

Four equations are written to solve for DT(TEW), DT(TEP), DT(TEF),
and DT(TEC), using the heat exchanger and line segment material properties and
dimensions, the atmosphere and structure temperatures external to the
heat exchanger and TW(L1l), TW(L2), TF(L1l), TW(L3), TW(L4), and D(TECL).
(Note: TF(L2) = DT(TEF), TW(L3)=D(TEC1) and TW(L4) =TEMPLOT, see assumptions.)

The first equation renresents three modes of heat transfer with
the heat exchanger hydraulic fluild node:

1. Convection tc and from the interior wall (pipe)
B1# (DT (TEP)-DT(TEF))
where Bl is the convection coefficient and is equal
to UFWIL*ASFP.
2. Heat transfer due to mass transfer into the heat
exchanger from upstream of the heat exchanger.
MCp* (TF(L1)-DT (TEF))
where MCp is the mass flow rate and is equal to Q(LL)*

RHOIL*CPFN
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3. Heat transfer due to a pressure drop across the heat exchanger
MCp* DCAPT1
where DCAPT = (1.0/RHOIL)*(P(L1)-P(L2))/(CJ*CPFN)
These terms are combined to produce the equation for the heat balance for

the heat exchanger fluid node.

MCp* (DT (TEF) -DT (TEF)
DELT

) = BL*(DT(TEP)-DT(TEF)
+MCp* (TF(L1)-DT (TEF)) (1
+MCp DCAPTL

OLD

where ﬁCp is equal to FMASS*CPFN
The second equation represents three modes of heat transfer relative
to the heat exchanger exterior wall node:
la. convection to and from the cooling fluid node
B7%(DT(TEC) -DT (TEW))
where B7 is a convection coefficient equal tec D(UCW)*D(ASCW)
1b. convection to and from the atmospheric air
B5*(D(TA)-DT(TEW))
where B5 is the convection coefficient and is equal to D(UAW)*
D (ASAW)
2a. conduction to and from the hydraulic fluid connecting lines
RI* (TW(LI)-DT (TEW))
where RI is the conduction coefficient and is equal to
1.0/ (DXF(LI)/(ACW(LI)*C(LI)) + DXE/(ACEW*CEW)) and I=1 for
line 1 and 2 for line 2
2b. conduction to and from the cooling fluid connecting lines
R3* (TEMPCIN-DT (TEW)) and
R4* ( TEMPCOT-DT (TEW))

where R3=R4 and are equal to 1.0/(2.0%DXE/ACEW%CEW))
and TEMPCOT=DT (TEW) o1y
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C =

3.0 radiation exchange with surrounding structure
CIP* (D(TST)~(DT(TEW)+460.)**4)
wheic CIP is equal to SIGMA*EPSIONXSHAPF*D(ASAW)
These terms combine to produce the equation for heat balance for the

exterior wall node:

MCp* (DT (TEW)-DT (TEW)y = B7*(DT(TEC)-DT(TEW)) + (2)
DELT R1* (TW(L1)-DT(TEW) )+R2 (TW(L2)-DT (TEW))

+R3* (TEMPCIN-DT (TEW))-+R4 (TEMPCOT-DT (TEW) )
+BS5 (D (TA)-DT(TEW) )+C1P*D (TS8T) -
C1P* (DT (TEW)+460.)%%*4

where MCp is equal to D(EMASS)*CPCN
The third equation represents three modes of heat transfer relative
to the heat exchanger cooling liquid node:
la. convection to and from the interior wall or pipe node
. B4* (DT (TEP)-DT(TEC))
where B4 is the convection coefficient and is equal
to D(UCP)*D(ASCP)
1b. convection to and from the exterior wall node
B7+%(DT(TEW)~DT (TEC))
where B7 is equal to D(UCW)*D(ASCW)
2. heat transfer due to mass transfer into the cooling liquid
node from upstream of the node
MCp {D(TEC1)-DT (TEC))
where MCp 1s the flow coefficient and is equal to D(RMFCL)*CPCN
3, heat transfer due to pressure drop across the heat exchanger
coding liquid node

MCp * DCAPT2
where DCAPT2 is equal to (1.0/RHOIL)*D(PP3)/(CJI*CPCN)

6.69-5
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These terms are combined to produce the equation for heat balance
for the cooling fluid node:

MCp* (DT {TEC)~-DT (TEC) ) = B4*(DT(TEP)-DT(TEC))

. " OLD
DELT +B7% (DT (TEW) ~DT (TEC) ) (3)
+MCp* (D (TEC1) -DT (TEC) )
-RCp*DCAPT2

where MCp is equal to CMASS*CPCN
The fourth equation represents one mode of heat tra ;fer relative
to the interior wall (pipe) node:
la. convection to and from the coding fluid node
B4% (DT (TEC)-DT (TEP))
where B4 was defined previously.
1b. convection to and from the hydraulic fluid node
B1* (DT (TEF)-DT(TEP))
where Bl was described previously
These terms combine to produce the equation for heat transfer to
and from the interior wall node:

MCp (DT(TEP)—DT(TEP)OLD) = B4*(DT(TEC)-DT(TEP))

DELT 4- B1* (DT (TEF)-DT (TEP)) )

where MCp is equal to D(PMASS)*CPPN
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Figure 6.69-3 is a thermal resistance for the heat exchanger and

shows how all four nodes are interrelated. Equatjons (1) through (4)

are s>lved simultaneously for the temperatures of each node.

MCp*DCAPT1 D(TEC1) FICp*DCAPT?
— MCp T EXIT
INLET . ‘ EXIT FLUID
FLurp  * ~HCP DT (TEF) FLUID DI(TEC)  goiro
TF(L1) TF(L2)= - — — — —DT(TEC
—————— —e DT (TEF) vcCp (TEC)
1
B7
B4
AN
B1
7
DT (TEW)
TW(L1) e—R1 R2— ¢ TW(L2) DT (TEP)
MwCp PTMD AT
R4 TEMPCOT =TW (L4
TW(L3)=TEMPCIN ¢——__R3 —_—— — (L4)
=D (TEC1) B5  CIP
\ e BN= CONVECTION
D(TA)  #D(TST) M Cp = STORACE

n

RN = CONDUCTION

MCp = FLOW

QIP = RADIATION
MCp*DCAPTN = GENERATION

FIGURE 6.69-3

THERMAL MODEL
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In the hydraulic math model the pressure drop through the heat

exchanger is computed using equation (5).

pPupP

i

PUP-QL*D (LAM) *VISC(TF (L (ICON) ,PUP)
*RHO (TF (L (ICON) ) ,PUP)/ (. 028%8.2E-5)
where
PUP = upstream pressure (PSI)

QL = flow (CIS)

D (LAM) laminar flow coefficient

RHO( )

fluid density (LB-SEC/IN%)

VISC( ) = fluid viscosity (IN?/SEC)

In equation (5) the laminar flow coefflcient is corrected to the

system temperature and fluid.

6.69.2

1.

2.

Assumptions

Atmosphere and structure temperatures remain constant

The entire wall or case of the exchanger is al. at the same
temperature.

The interface conductance between the exchanger wall and the line
wall segment is infinite.

The emissivity of the walls remain constant at .7 for steel.
TW(L4), the downstream cooling liquid line segment temperature

is at the temperature of the exiting fluid TEMPCOT which also equals
DT (TEC).

No conductance between the pipe and the wallis of the exchanger.
The temperature of the exiting hydraulic fluid is equal to the
calculated temperature, TF(L2)=DT(TEF).

Complete mixing occurs in the fluid volume.

TW(L3), the upstream cooling liquid line segment temperature is equal

6.69-8
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to D(TECL) the cooling liquid inlet temperature.

6.69.3 Computation Methods

The subroutine executes the above discussed calculations as follows:

SECTION 1000

The fluid and wall temperatures are initialized, the external structure
temperature is changed from degrees Fahrenheit to Rankine and raised to the
fourth power, and the default values are assigned.

SECTION 2000

The pressure drop of the hydraulic fluid through the heat exchanger
is computed using equation (5).

SECTION 3000

Property values are assigned. Dimensions and coefficients are calculated.
The flow direcvion is determined. (the program is set up with the flow entering
connection line one (L1) and leaving thru comnection line two (L2). During the
calculation the flow direction is checked. 1If the flow has reversed flow
direction, the progiram reassigns connection numbers so that the flow still
enters connection line one). Some coefficients are then recalculated if the
flow is reassigned. A 4x4 matrix is lecaded and the mathematical equations are
solved for DT(TEW), DT(TEP), DT(TEC) and DT(TEF). The calculated values are
assigned to their proper storage locatious and the boundary conditions are assigned
to arrays (TC and TF) in common /TRANS/.

6.69.4 Approximations

1. The exit cooling fluid line wall is at the temperature of the cooling
fluid exiting.

6.69.5 Limitations - Not applicable.
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6.69.6 Variable Listing

Variable
AC)
ACEW

D (ASAW)
D(ASCP)

D (ASCW)

ASFP

B( )
B1,B2,B3,B4,B5,B7
CEW

cJ

CMASS
CPCN
CPPN
CPWN
D(CTYPE)
D(DELTA)
D (DELTAX)

DXE

D (EMASS)
EPSTION
FMASS
D(IDIA)
D(ITC)

D(ITF)

Description

Computational array

Cross sectional area of the exchanger walls

External surface area of the exchanger walils

Surface area cooling fluid to pipe (fins)

Surface area cooling fluid to exchanger
exterior walls

Internal surface area of the cooling pipe
Computational array

Variable coeffiicients

Thermal conductivity of the exchanger walls
Mechanical equilivant of heat, 8.85
Cooling liquid mass

Specific heat of the cooling liquid
Specific heat of the exchanger pipe
Specific heat of the exchanger walls
Cooling liquid type (use 1.)

Overall length of the length

Pipe length thru exchanger

Distance from node to interface, exchanger
watts

Exchanger mass

Emissivity of the walls, constant .3
Fluid mass

Inside diameter of the pipe

Initial temperature of the walls

Initial temperature of the fluid

6.69-10

Units

WATTS/IN-°F
IN~LB,/WATTS~-SEC
LBy
WATTS~SEC/LBm-°F
WATTS~SEC/LBp-°TF

WATTS- SEC/LBy=°F

IN.
IN.

IN.

LBp

LBy

IN.

o F




Varjable
D(ITL)
KTYPE
D (LAM)
D(MTYPE)
NTYPE
D(PMASS)

D(PP3)

RHOC
RHOE
RHOIL

RHOP

D (RMFCL)
R1,R2,R3,R4
SHAPF
SIGMA

D(TA)

DT (TEC)

D(TEC1)

DT (TEF)

TEMPL

TEMPCIN
TEMPCOT

DT (TEP)

D(TST)

Description

Initia) temperature of the cooling liquid
Dummy variable

Laminar flow coefficient

Exchanger wall material type

Dummy variable

Pipe mass (fins etc)

Pressure drop across exchanger for cooling
liquid

Density of the cocling fluid

Density of the exchanger walls

Density of the hydraulic fluid

Density of the exchanger pipe (fins)

Mass flow rate of entering cooling liquid
Dummy variables coefficients

Shape factor of the walls, constant .96

Stefan-Boltzman radiation constant .385x10m11

Surrounding ambient temperature

Temperature of the exchanger cooling
liquid, to be calculated

Inlet temperature of the cooling liquid

Temperature of the exchanger fluid, to
be calculated

Temperature ». the walls for heat transfer
calculation

Temperature of cooling liquid ir
Temperature ol cooling liquid out

Temperature of the exchanger pipe (fius,
to be calculated)

Surrounding structure temperature

6.69~11
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Units
°F

PS1/C18

LBy

PSI

LB /TN.3
m

3
LBm/IN.

LB /IN.3
m

LB /IN.3
m

LB /SEC.
m

WATTS /IN2-R"

°F

°F

°F

°F
°F

°F
°F

°F

°F




Variable

DT (TEW)

D(UAW)

D(ucp)

D(UCW)

UFWIL

D(VOLC)

VOLF

Description

Temperature of the exchanger walls, to be

calculated
Heat transfer

Heat transfer
to pipe

Heat transfer
to walls

Heat transfer
walls

Volume of the
exchanger

Volume of the

coefficient ambient tu walls

coefficient cooling liquid

coefficient cooling liquid

coefficient, fluid to pipe

cooling liquid in the

hydraulic fluid in exchanger

6.69--12

Units
°F

WATTS/IN2-°F

WATTS/IN2-°F
WATTS/IN2-°F
WATTS /TN =°F
IN.3

IN.
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6.69.7 Subroutine Listing

~
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SUBROUTI VL TULX69 (2,27,00,L)
RLVISLD OCTILR 28,1276 *«x
DLIENSTION D(l),DT(l),DD(]),L(l)
COL1N /TRRNS/P(?OO),Q(300),C(300),TC(300),Th(300),TF(300),
+ ACF(300),ACH(300),0XF(300),TIJL,DLLT,PI,VLI?h,NFL

CGa. 0N /CO.?/LTYPL(??),NC(QO),””LNP(99),IND,IbNTR,IILL

Co.1.0n /ST?ADY/PH(?O),QF(QO),PLX(QO),PDLLG(QO),QL(90),
+ QA,?S,11,PUP,PDOnH,VHO?L,NLLG,?CPN,T&RN,
+ LLG3,ICOQ,IJV,INX,INZ,VUP(?Q),NDNJ(OO),”LLLn(gﬂ),
+ILL3\D(qO),ILLG(10”0)

COLGND /FL”IW/AFPRLb,CP,CPFN,’rnuP,PROP(l3,3)

DT ILISTION A4,4),3(4) .

INTLGER uTYPL,CFYPR,ULLT\X,I?[K,ASCu,ASAn,UQN,PJFCL,
+ TkCl,VOLC,L“ASS,UCN,DLLTA,T&T,T@,TLC,TLn,Th?,
+ TbP,UCD,pP3,PxASS,A5CP

D ARRAY VARIAZLI S

DATA HTYPU/]/,CTYPL/Z/,L4A3$/3/,JLLTAX/S/,IDIﬁ/C/,CELPA/?/,?ﬁASb
1/4/,VQLC/?/,ASCu/Q/,ﬂS\ﬂ/l0/,Uﬁﬁ/l2/,UCH/13/,RuPCL/lS/,TLCl/l5/,
2 TST/]7/,TA/1Q/,ITF/IB/,ITC/ZD/,ITL/?l/,LAu/zz/,UCD/l4/,

3 ”03/24/,A3CD/11/

DN'PA SIGuA/.349U—11/,LHAPF/.96/,thIQh/.30/,CJ/3.35/

OT ARRAY VA INV3LLY

NDATA ThF/l/,Ttn/Z/,FLC/?/,TLP/4/

IF(ILIT.Y 1300,200n,3999

COITIJL

Ll=L(1)

L2=L(2)

TF(L1l)=D(17F)
TF(L2)=0(11F)

MT(ILF)=D(ITR)
BT(Tew)=n(1I1C)
DT(TeC)=D(1I'TL) '
CT(Tﬁp)=(T(ITT)+D(IFL))/?.7

D('I‘.'al)=(")('I‘.SL')+4")')) x4

IT(O(Can) L0, ) MHHAN)=0,0000

D(L“\OS)=D(LMA55)—W(U“\:3)

AL =OATL LT AL DYoL

DIDLLCN) =1 XCilV v Juk P T Y

VOLLIARN)=LACHA 100« Jetl LGt

CO32aw) =2U71Ch Ay LA ERCINAGLD 20 AL

D(INC) =1.5I0IAL TEAPLRATIRL OF o2 1t

D0JCL)  SHLAT P24 ofee COLPEICT~ 47 AALL 4v) CUOLLIG LINUIN
D(TH) =ETLLPLRATILL DR AT~ gy

DITEL)  =TLaPLey e OF SuCTIRL, due, P

D(VOLC) =vnLy.. o COOLING LY™GTIS IW5IOL LXCHAMC L R
DOLLFCL) =073 “LOa oA TL 1.ipG cXCIANGLR, COJLILG LI
D(LAASS) =785 OF LYCHAMsLR TOTKL,(G\LLS,?IPLS,FINS)
B(PP3)  =PRLSHUPL )P ACROSS EXCHANCLR, COOLING LIMYIS

4

s
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6.69.7

OO0 O

(@]

M B ]

L]

(Continued)

P{PLASS)  =PIl0 S8AN INCLUDTIIG ALL FILGS,0R JUST
FINS IV NO PIoL
D(UCP) = bAT TRAJSF LR COLFY., PIPL IO COOLING LI MID
“ODdL C Iv COOLING LINDUIN (JP-4)
NO™M 2 I8 DL PIPL INSIDL ‘Tl LXCHANGLEK
i TdRY
STEADY UTPATL SICRIusd

2070 C o TIY

PUP=PUP=21¥O(LAL) *VISC( PR (L( TCOt) ), PUP) *

+ ORLO(TR(LICON)),PIp)/(.028*%3, 2L-5)

FL G

3an) Co T UL

DY R =S (AT RL )+, 001
SO =0 (CTYPL)+. 001
CLG=DR 0D (eY L, )
Woe= vuhv(r'"vb 7)
N vrgp(urV>:,2)
CPPi=pROP(RTY L, 1)
Cnnw=?Ron(h"YPL 1)
CPCil=517.,4

R0C=, 025

L1=L(1)

L2=L(?2)

TL A PCLi=)(TuCl)

1L PCUTENT(TIC)

3179 RAGTL=333C,A* 0, J(ST(TLF) ,P(LY))

C.A3L=D(VILC) * R
CoAES Is T CLOLTHNG LIQUTY LASE, IP-4 i, WD

IF % DIFPLRLST LIDULID I8 MNetHeD CAANGLs D50 3k o ADL
TOOCOCT NIN RNC U PP SPLCIFIC NLLD
VOLP=RI*(D(INTA) ) ¥* 2% D(DLLIAX)Y /4,

F AL >=VOLF* RBOTL
ANM=RIAD(T 2IVN)X*2) /4,
NHL=D(TRIN)
’an.lp.I.:;:’T( i‘x.--l)
Al EP=2TXR (T 5IN) * 2 ( 2L LPAK)
UF TL=I0FG (AN, D6, A3 (N (L1)) , T8 (LYY, P(L1))
MWL=2(oLLMNY /2.0
3179 oCLu =5 a3 /(LU D (DLLTA)Y)

\]—\"!/( Cra ¥Cln)
Pl=1./(05( LY /(ACL(LL)*C(LY) )+
22=1, /(DY (L2)/(ACL{L2)*C(L2) )+
23=1,/(2.0*\1)

wi=1,/(2,.9%31)

Sl=PeTLXASEP

SAEAL (LI Y REDTILACPE.,

AVY=0( 5 RCL)Y *CPCH

24="(LC2) *2(ALCP) )
S=O(UAL) *D (A5 W) o e tee

A1)
A1)
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6.69.7 (Continued)

Q?:D( UC;’}) *D(ASC\';)
CIV=STIS5IAYSHADPEALDESTOI*D{ASAN)
DCAPT=(1./RAOIL)*A3S(P(L))=P(L2))/(CI*CPF)
NCAPT2=(1./200C) *A3S(D(PP3))/(CI*CPCiN)
c FLILY, ALY, CCOLING LINJIN, PIPL, ARk Tdk NOULLS I ORDLE
3300 A(1,]1)=FeASS*CPRO/DLLT+3)1+32
AW(1,2)=0.9
A(l,3)=0.9
A(2,1)=3.0
M2,2)=D(LACL) *CPUL/ DL L T+H3 7435+ 1+ 124+ 334+ %4

A(2,3)==37

A3,1)=0.0

N(3,2)=-87

A 3,3)=CNSo*CPCI/DLLT+3T7434433
A(4,1)==-21

A(1,4)=A(4,1)

{4,0)=0,9

A(2,4)=0.0

n(4,3)=-21

AN3,4)==-4
A(4,4)=0( PN *CPLY/NLLT+244731
C2UA)=L(PLASSY*CPPNE*O (1 Le) /DILT
L) =FUASS*CPENA RN PLFY /OLLTH 32X TR (L) +DCAPI*372
32 =D (Lo ALSY*CRIRD D (P a) /DELTHRI*Y DG (L)Y +R2* D0 (L2)
+ ARI*LAPCT+4*T L PCOTHIS*DITAY+CIO*O( T 2)=CIPX(DT( L)+
Pg + 460, ) *%
2{3)=CaAsS*CPC* YL PuC) /OSLTH33*¥D(TLCLl)+0CAPT2%33
4309 CALL T ULT(A,3,4,1LRROK)
TR(L2)=13(1)
TC(L1)="3(2)

TC(L2)=3(2)

e rer)=05(1)
DT(TrP)=0(4)
DT Fen)=7%(2)
NP{TLCy=2(3)
L PURN

L3D
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6.71 SUBROUTINE TACUM71

Subroutcine TACUM71 simulates a simple gas charged piston type accumulator
that can be used as a system accumulator, as sketched in Figure 6.71-1. When
used as a system accumulator, the initial volume of oil in the accumulator is
determined by the steady state pressure. Two connections are provided, both of
which are assumed to be at the same pressure. When a single conncction is used,
the other is blanked off automatically.

Since it is basically a passive device, its response 1is entirely dependent
on line flow, pressure and temperature changes.

The subroutine calculates the accumulator fluid (oil) temperature, the

gas temperature, and the temperature of the accumulator walls and piston.

Connection No. 2

— o —

FIGURE 6.71-1
TYPE NO. 71 FREE PISTON ACCUMULATOR

Connection No. 1

OPIAOTI3 Y
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6.71.1 Math Model

The THERMAL math model for the accumulator includes heat transfer to and
from two connecting line segments, one upstream and one downstream, Nine nodes
are considered: three fluid nodes, one gas node, and five wall nodes (as
shown in Figure 6.71-2). The temperatures of the upstream connecting line
segment wall and fluid nodes are denoted by TW(L1) and TF{L1l). The temperatures

( ) DT(TAF) TE(L1)

benknd ko L Ll L L L

[t /1 e s hwammam.
oil

PO varopmi

DT(TG) DT(TPN)- XP TW(L2)
TF(L2)

okl L LT L L L L

FIGURE 6.71-2
ACCUMULATOR AND CONNECTING LINE SEGMENT REPRESENTATION

GPT7-0GE5-11

of the accumulator wall and fluid nodes are denoted by DT(TAN), DT(TBN), DT (TPN),
and DT(TAF), and the temperature of the gas node is DT(TG). The temperature

of che downstream connecting line segment wall and fluid nodes ave TW(L2) and
TF(L2). Flve heat balance equations are written to solve for the five accumulator
nodes temperature DT(TAN), DI(TBN), DT(TPN), DT(TG) and DT(TAF), using the
accumulator and line segment material properties and dimensions, the atmosphere
and structure temperature external to the accumulator, and TW(Ll), TW(L2), and
TF(L1). (Note: TF(L2) = DT(TAF), see assumptions). One equation for the

heat balance for each of the accumulator nodes is produced. The first equation

represents two modes of heat transfer relative to the accumulator gas node.
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1. Heat transfer due to expansion or compression of the gas by the

piston

DT(TG) = DT(TG)q1p *DT(PG)*DT(VOLG)
DT(QPG)*DT(OVOLG)

This term calculates the new temperature of the gas just due to
expansion or compression, not with its reactions with the other nodes.
2a. Convection to and from the accumulator wall node
B1* (DT (TAN)~DT (1G))
where Bl is the convection coefficient and is equal to D(UGA)*ASGA
2b. Convection to and from the accumulator piston node
B2% (DT (TPN)~-DT(TG))
where B2 is the convection coefficient and is equal to D(UGA)*D(AREA)
These heat transfer terms are combined to produce the equation for the heat
balance for the accumulator gas
DT (TG) = DT(TG)*DT(PG)*DT (VOLG)/ (DT (OVOLG)*DT (OPG))
this new DT(TG) then becomes the DT(TG)qLp in the next equation

MCp (DT(TG)-DT(TG)
DELT

oLp) = B1*(DT(TAN}-DI(TG)) on)

+B2* (DT (TPN)~-DT (TG))
The second equation represents three modes of heat transfer relative to
the accumulator fluid (oil):
la. Conduction to and from the upstream line segment fluid
R1*(TF(L1)-DT(TAF))
where Rl is equal to CF/(DXF(L1)/ACF(L1)+DXAF/ACAF + RMFL1*DELT/
(ACAP**2*RHOIL)), the conduction coefficient for the fluid. RMFL1

equals Q(L1)*RHOIL.
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1b.

2a.

2b.

Conduction to and from the downstream line segment fluid node
if the flow rate is negligible, or not .eaving the accumulator.
R2%(TF(L2)-DT (TAF))
where R2 equals Rl except instead of L1, R2 uses L2. (Note:
There may only be one connecting iine with the second being
closed off and consuyrently this term would be zero.)
Convection to and from the accumulator wall node around the
filuid.
B5% (U™ (TBN)-DT (TAF))
where B5 is the convection coefficient and is equal to D(UFVA)*ASFB.
Convection to and from the piston node
B4* (DT (TPN)-DT(TAF))
where B4 is the convection coefficient and is equal to D(UFWA)*D(AREA)
Heat transfer due to mass transfer into the accumulator from the
upstream connecting line node
MCp* (TF(L1) -D7 (TAF))
where ﬁCp is the flow rate coefficient and is equal to Q(L1)*RHOIL.
If there is no fluid entering the accumulator tne last term is set

equal to zero.

These heat transfer terms are combined to produce the equation for the

heat baliance for the accumulator f£luid node:

MCp_*(DT(TAF)-DT(TAF) g p) = R1*(TF(L1)-DT(TAF))+R2*

DELT (TF(L2)-DT (TAF)) + MCp *
(TR(L1)~DT(TAF) )+B5(DT (TBN-
DT (TAF) )+B 4% (DT (TPN)-DT (TAF) )

where MCp is equal to FMASS*CPFN
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The third equation represents three modes of heat transfer relative to
the accumulator wall node surrounding the gas node.
la. Conduction to and from the accumulator wall surrounding the fluid.
R4% (DT (TBN) -DT (TAN) )
where R4 is the conduction coefficient and is equal to
CA/ (DXAA/ACAA+DXAB/ACAB)
1b. Conduction to and from the accumulator piston node
R3* (DT (TPN)-DT (TAN))
where R3 is the coaduction coefficient for the wall and is equal to
1.0/ (DXAP/ (ACAP*CP)+DXAA/ (ACAA*CA)+1.0G/ (CAP*ACAP))
2a. Convecilon to and from the gas node
BL* (DT (TG)~DT (TAN))
Bl is a convectiion coefficient and was definel previously.
2b. Cenvection to and from the external atmosphere
D1%B3* (D(TA)~DT(TAN))
where B3 is the convection coefficient equal to D(UAA)*D(ASAA)
and D1 is equal to DT(VOLG)/(DT(VOLG)+DT(YOLO)), a term to
represent the accumulator mass surrounding the gas.
3. Radiation exchange with the surrounding structure
DLXCIP*D(ASAA) * (D (IST) - (DT (TAN)+460.) )
where CIP is equal to SIGMA*EPSION*SHAPF, the radiation
coefficient, and D1 1s as above.
These terms are combined to produce the equation for the heat balance for

the accumulator wall node.
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MCp (DT (TAN)-DT (TAN)
DELT

OLD) = R4 (DT (TBN)-DT (TAN) )4+R3 (DT (TPN) -

DT (TAN) )+B1* (DT (TG)-DT (TAN))
+B3* (D(TA)-DT (TAN) )+CIP*D (ASAA)
* (D(TST) - (DT (TAN)+460) **4)

(3)

where MCp is equal to D(AMASS)*D1*CPAN
The fourth equation represents three modes of heat transfer relative to
the accumulator wall node surrounding the oil volume.
la. Conduction with the connecting line segment wall,
R6* (TW(L1)~DT (TBN))
where R6 is the conduction coefficient for the walls equal to
1.0/ (DXF(L1)/(ACW(L1)*C(L1))+D3).
D3 is equal to DXAB/(ACAB*CA).
This may be upstream if fluid is entering, or downstream if fluid
is only leaving, or either if there are two connecting lines.
1b. Conduction to and from that second coanecting line wall node.
R7* (TW(L2)-DT (TAN))
where R7 is a conduction coefficient equal to 1.0/(DXF(L2)/
ACW(L2)*C(L2))+D3)
lc. Conduction to and from the accumulater wall node surrounding the gas.
R4* (DT (TAN)-DT(TBN))
where R4 has been defined previously.
1d. Conduction with the piston node

RS* (DT (TEN-DT(TBN))
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where RS is the conduction coefficient between the two nodes
equal to 1.0/(DXAP/(ACAP*CP)+B3+1.0/ (CAP*ACAP))
2a. Convection to and from the external atmosphere
D2*B3*(D(TA)~DT (TBN))
B3 being same as defined previously and D2 is equal to DT(VOLO)/
(DT (VOLO)+DT(VOLG)), a term for the amount of accumulator mass
surrounding the fluid.
2b. Convection with the fluid node in the accumulacor
B5(DT (TAF)-DT (TBN))
where B5 is the same as previously defined.
3. Radiation exchange with the surrounding structure
D2% (CP*D (ASAA) * (D (TST) ~ (DT (TBN)+460) *)
where all terms have been previously defined.
These six terms are combined to produce the equation for the heat balance
for the accumulator wall node surrounding the fluid.

MCp  (DT(TBA)~DT(TBN)
DELT

) = R6*(TW(L1)-DT(TBN))+R7 (TW(L2)-DT(TBN))
+R4* (DT (TAN) -DT (TBN)-DT (TBN) )+R5 (DT (TPN)
~DT (TBN) )+D2*B3* (D(TA) - (DT(TBI}))
+B5 (DT (TAF)-DT (TBN) )+D2*CIP*

D(ASAA) *(D(TST) - (DT (TBN)+460) **4)

OLD

(4)

where MCp is equal to D(AMASS)*D2*CPAN
The fifth equation represents two modes of heat transfer relative to
the accumulator piston node.
la. Conduction to and from the accumulator wall node gas side
R3* (DT (TAN)-DT (TPN))
with R3 being defined previously
1b. Conduction co and from the accumulator wall node fluid side
RS(DT(TBN)-DT(TPN))
with R5 being defined previously.
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2a. Convection to and {rom the gas node
B2* (DT (TG)-DT (TPN) )
and again B2 is the same as was defined previously.
2b. Convection to and from the fluid node
B4* (DT (TAF)~DT (TPN))
with B4 being defined previously.
These terms combine to produce the equation for the heat balance for the
accumulator piston node.

MCp_(DT(TPN)-DT(TPN) ) = R3*(DT(TAN)-DT(TPN))-+R5* (DT (IBN)-DI(TPN)) ¢y
DELT +B2% (DT (TG) ~DT (TPN) )-+B4* (DT (TAF)-DT (TPN))
where MCp is equal to D(PMASS*CPPN

A thermal model of the above heat transfer equations is shown in Figure 6.71-3.

Equations (1) thru {5) are solved for the appropriate temperatures.

G * *
DT (T )OLD DT (PG) *DT (VOLG) _ GENERAT £ON
—= DT (OPG)*DT (OVOLG)
BN = CONVECTION
MiCp MNCp = STORAGE
MCp = FLOW
D1*C1P CIP = CONVECTION
B2
D (TA) Dl* MACP
D2*CIP
1W(Ll)~\\\ 02*33
______,____-———-RS
MpCpy——
TW(LZ) B4
IWEF_——<< ' “““ R2— =~ — <EXIT
FLUID FLUID
TF(L1) TF(L2)=
DT (TAF)
FIGURE 6.71-3

THERMAL MODEL
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For the appropriate temperatures a thermal model for the accumulator

is shown in Figure 6.71-3.

For entry and exit flow losses, a pressure loss term is Input into the

program.

The term is corrected for the fluid type and operating temperature.

The resulting pressure loss is

PUP=PUP-Q1*CORR (6)
where Q1 = flow rate (CIS)
CORR = Entry exit flow constant (PSI/CIS)

PUP = Inlet Pressure (PSI)

CORR is the adjusted laminar flow constant determined by the following

formula

6.71.2

1.

CORR = D(LOSS)*(VISC ) (DENS

OPERATING )/ (VISC, ) (DENS

OPERATING 100)

Assumptions
The temperature of the atmosphere and structure surrounding the
accumulator remain constant.
The temperature rise in the gas 1is due to compression or expansion
of the gas from the fluid in the accumulator, besides the heat
transferred to and from it.
The emissivity of the walls remain constant.
Complete mixing occurs in the fluid volume.
The interface conductance between the accumulator walls and
the line walls is infinite.
The temperature of the fluid leaving the accumulator is equal

to the fluid calculated temperature, DT(TAF).
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6.71.3 Computational Methods

Section 1000
The fluid and wall temperatures are initialized, the external
structure temperature is changed from degrees Farenheit to Rankine and raised
to the forth power, and the default values are assigned.
Section 2000
The pressure loss due to fluid entry and exit is computed using
equation (6) and the accumulator oil pressure is stored in DT(PO). At time
zero in the program the initial gas volume is computed as

DT (VOLG) = DT(MAVOLG)- (DT (APRECH)*DT (MAVOLG) ) /DT (PG)

where
DT (MAVOLG) = MAX VOLUME OF GAS (IN3)
DT (APRECH) = PRECHARGE PRESSURE (PSI)

DT(PG) = GAS PRESSURE (PSI)
DT(VOLG) = GAS VOLUME (IN3)
Section 3000
The present oil volume is computed using a simple integration
TVOLO = DT (VOLO)+(DT (IQV)+TQV)*DT(NDELT))
where
DT(VOLO) = OLD OIL VOLUMRE (IN3)

DT (TQV)

fl

SUM OF FLOW TN AND OUT OF ACCUMULATOR (CIS)

DT (IQV) OLD SUM OF FLOWS (CIS)
DT (NDELT) = .5*TIME STEP

TVOLO = TOTAL OIL VOLUME
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TVOLO is checked to determine if the accumulator is full, empty or in its
working range. With an empty accumulator the oil volume, TVOLO, is set to the
minimum oil volume and the volume of gas becomes DT(MAVOLG). Similarly for a
full accumulator the proper volumes are initialized.

After the volumes of oil and gas have been determined the gas pressure is
computed

0T (PG) =DT (PG)+ (DT (DPG)+TDPG) *DT (NDELT)
where
DT(PG) = OLD GAS PRESSURE (PSI)

TDPG = RATE OF CHANGE QF GAS PRESSURE WITH
TIME (PS1/SEC)

DT(DPG) = OLD DIFFERENTIAL GAS PRESSURE (PSI/SEC)

Property values are assigned. Dimensions and coefficients are calculated.
The flow direction is determined. (The program is set up with the flow
entering connection line one (L1l) and leaving through connection lines two (L2).
During the calculation the flow direction is checked. If the flow has reversed
flow direction, the program reassigns connection numbers so that the flow still
enters connection line one). Some coefficients are then recalculated if the flow
direction is changed. A 5x5 matrix is loaded and the mathematical equations
are solved for DT(TAF), DT(TG), DT(TAN), DT(TBN), and DT(TPN) and stored in
the B computational array. The calculated values are assigned to their
proper storage locations and the boundary conditions are assigned to special
arrays TF and TC in COMMON/TRANS/.

6.71.4 Approximations

1. The shape factor is .96 (described in the technical discussion earlier).
2. The properties for the gas are for nitrogen at 100°F, and remain

constant.
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6.71.5 Limitations

The accumulator model may not be used as a pressure source in a hydraulic

system,

6.71.6 Variable Listing

VARLABLE
A

AAA
AAMASS
ACAA
ACaB
ACAF
ACAP

D (AMASS)
D (APRECH)
D(AREA)

D (ASAA)
ASFB,ASGA
B()

BMASS

D(CAP)
CI1p
cJ
CORR
cp

CPAN

DEFINITION

Computational Array

Area Associated with the Inlet Flow to Accumulator

Accumulator Mass - Surrounding the Gas

Cross Sectional Area of the accumulator wall
Cross sectional area of the accumulator wall
Cross sectional area of the accumulator fluid
Cross sectional area of the accumulator piston
Accumulatcr Mass

Precharge pressuré adjusted to fluid temperature
Piston to oil area

Surface area accumulator walls to atmosphere
Dummy variables

Computational Array

Accumulator Mass Surrounding the fluid
Conducitivity of the accumulator walls
Interface conductance - walls to piston

Dummy variable

Mechanical equivalent of heat

Laninar flow coefficient correction term
Thermal conductivity of the piston

Specific heat of the accumulator walls

6.71-12

DIMENSLON

IN
L Bm
IN.
IN.
IN.
IN.
LB

PSI1

LB
m
WATTS/IN,-°F
WATTS/IN.-°F

IN-LB /WATTS-SEC

WATTS/IN.-°F

WATTS-SEC/LBy=°F




6,71.6 Varisble Listing (Continued)

VARIABLE
CPFN
CPGN
PPN

DOD
D(DIA)
D(DPG)
DXAA
DXAB

DXAF

D XAP
D1,D2,D3
EPSION
FMASS
D{CTYPE)
GMASS
IERROR
D(ITC)
D(ITF)
D(ITG)
D{LOSS)
KTYPE

DT (MAVOLG)

D (MAVOLO)

DEFINITION
Specific heat of the fluid
Specific heat of the gas
Specific heat of the piston
Distance over which AAA Acts
Inside Diameter of accumulator
Differential gas pressure
Distance from node to interface, wall to wall
Distance from node to interface, wall to wall

Distance from node to interface, fluid to
connecting line

Distance from node to interface, piston to wall
Dummy Variables

Emissivity factor of the walls
Accumulator fluid mass

Gas material type

Gas mass

Dummy variable

Initial walil temperature

Initial fluid temperature

Initial gas temperature

Entrance and exit loss coefficient
Dummy variable

Maximum volume of gas

Maximum oil volume
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DIMENSION
WATTS-SEC/LB - °F
WATTS-SEC/LB - °F
WAITS-SEC/LB p=°F

1N,

IN.
PSI/SEC

IN.

IN.

IN.

IN.

°F
°F
oy

PSI/CIS

IN.

IN.




6.71.6 Variable Listing (Continued)

VARIABLE

D(MIVOLG)
D(MLVOLO)
D(MTYPE)
2T (NDELT)
NTYPE

DT (OPG)
DT (OVOLG)
DT(PG)
D(PMASS)
DT (PO)
D(PPPES)
D(PTYPE)
RHOIL
RHOG
RHOP
SHAPF
SIGMA
D(TA)

DT (TAF)

DT (TAN)

DT (TBN)
TDPG, TFO

DT (TG)

DEFINLTION
Minimum gas volume
Minimum oil volume
Accumulator Wall Material Type
.5 % Time Step
Dummy Variable
0ld gas pressure
0ld gas volume
Gas pressure
Piston mass
0il pressure
GCas precharge pressure
Piston material type
Density of the oil
Density of the gas
pensity of the piston
Shape factor of the walls for radiation
Stefan-Boltzmann constant for radiation
Temperature of surrounding atmosphere
Fluid temperature in accumulator

Temperature of the wall surrounding
the gas

Temperature of the wall surrounding the fluid
Dummy variables

Gas temperature
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IN.3

PSI
IN.
PSL
LBy,
PSI
PSI
LBm/IN.3
Lbip/IN.

3
LBm/IN.

WATTS/TN. 2~ °R%

°F
°F

°F

°F

°F
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6.71.6 Variable Listing (Continued)

VARIABLE DEFINITION DIMENSION

DT (TPN) Piston temperature °F

D(TST) Temperature of the surrounding structure °F

D(UAA) Heat transfer coefficient, accumulator to ambient WATTS/iN.2—°F
D/UFYA) Heat transfer coefficient, accumulator to fluid WATTS/IN.2-°F
D(LGA) Heat transfer coefficient, accumulator to gas WATTS/IN.2—°F
DT (VOLG) Volume of the gas IN.3

DT (VOLD) Volume of the oil IN.3
D(WTHICK) Accumulator wall thickness (average) IN.
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6.71.7

IR EPEY YR E VR A S IO N & N

Cra O O

1900

Subroutine Listing

SR N TACULTL (0,00, 20, 1)

ST EIsTow (1), 50(1),5D(1), (1)

COLuE /P RANS/P(300),3(300), C(300),FC(300),xu(300),“”(3ﬂ°),
+ ACF(360) ,3a (390), 00K (300)," IIL,OLII,HI,*LI'l,alL

CCanagy /COJ“/LT{P'(QQ),-u(QQ),AF'uP(OQ), B, 10r, T
St ARy /. '(00) y 2(N0) ,PLA(IN) , POLES(90) , 0 L(')’)) '

-~
k,‘)\lll'\: !

LN, 8,01, 000, 2000 0, PIODOL, ILLG, JHCPN, PLRG, LEOE, TCD:, TV,
2 TN, L NP9, 0w (90) , VELLO(N0), TLLUADY(A0), TLLS( LO10)
T ';1 RIS/ NP Ly, CFL,CPRG, Wi P, w-dP(13,3)

ST i I A(5,5),3(58)

IITLT' IR G S U S A 0 A W W W U WL E O W 0 WP S O WO AR S R

TV 0N, A, S TR TG, I, VOLG, VOLG, PO, PO, APEA, v o
+ r”Fh\,:TVPL,PT?QI,‘DWlP!,7V“L»,V)LU.L,Ld"
NV e AT VTN 'L
DAY GPYHL/I/,’EYVI/Z/,ﬂf{/b/3/,\“\$¢/4/,?UAJh/B/,quICW/G/,

L N/ 7/7, 00N/, A3M/ Y/ 05N/ 1Y/, A8/ 1Y/,CAa0/12/,
/1YY, l\/]i/,ll /1S5, /15, T/ 1T/ AN/,
3

P NVOLG/2Y/ TS/ L/ BeLS/ 22/, L0088/ 23/

MO OAY AT oW S

SUNRSNE VARV VI LRV VAR (R VA VAR LY WA YIRS ] P VAW ARTIE eVl AN
AMOLS/1Y/,0VaL3/1Y/,003/1/ AP e Ci/1 3/

R0/,
FovOLT /1A, TN/, ’“”/11/,NWLLT/17/

IVOLG/1Y/

DATA SIS \/ 310011/, AR/ U5/ Lo TON/ N, 0, C 3/ 08
POy = Ton s im o CCATL(C N, R 4 )
PRy DL = T L .?m, Foorte L3, (SR, 0P, R UlD)
coovon =oa U0 ot 2(y)
N S WA LR :c: LA, TICLUTT i 2Lapi)
AT TE Y L e S H CRSL wALL
M =N GG F o TabI0 0r s ACTHLTILA Mo
1IN =0T T ARG COLES, SAs ) CAuk
TNV =LA B SORLL COLED. TS s Aulinal
CVe =Tl e O T UNUCLAIC PTSTIN 9) wALL
% =reLoSUTL OF T O THAIAL O P Z10Js
VLMY =0U0e0ACL v LY Chlob IO AL 3TL
W =inam ToNLSPLT SN RNL OIL Mo LALL & OLL 0
VoA =0T L0 e OIL A
VL =1 . oL O e
AV = ,vh. 2l o vuL 'L
TvoiLe =10, T4 YL
Pritt o =T LC a0 e, st L
IR(IT0e) 1380, 209%, 3 ,
Cri7l & {-.;’}:3';"'{
L1=1(1) SEEVE T
TOITALTAL % o DT v : SR R Y
A GATELIS o) T W
NP = I0) &;;\g Fuyd
DI(rPy) = 10F) we?
LI(P3)=D(Ies)
SO(PAT) =D(T07)
PE(L1)=D( I 0v)
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6.71.7 (Continued)

TC(L1)=D(I'1C)
D{AGASS)=D(VaABS) =D( PiiASS)
CIP=SIGIA*SHADRYL PSTO!
D(TST)=(D(I8T)+460,) **4
IF(D(UAA).LC.N.D)D(UAN)=.006D
DP(APRLCH) =D( #PFL3)Y *(TF(L1)+460.) /520,
DT (. AVILG)=D(LAVOLD) =D (= IVOLD) +I( 4 IVOLG)
DT(VOLUGL)=D( .AVOLO)+2( 1IVOLG)
DT(OVOLS)=D(..T/CLG)

DT (OPG)=DT(APKLC)

DO(IBLLD)=. S*DLLT

DIE(INV)=n,0

Dr{npez)=90.9

IF(L(2).LN.9) Ruruhu

YR(L(2))=D(I'TF)

TC(L(2))=D(ITC)

RLCURY
2009 THNTINUL
C CORRLCT ¢LOa CONSTAIT FOR FLJIND AR TLaP
CORR=VISC(TF(L(L1)),PUP)*KUD(TF(L(1)),PUP)/(.023*3,2L-5)
+ *D(LJS5)

PUP=RLP-01*CONI
IF(ICO. L. 1) RULTlw
NT(PO)=PUP
IF(TI iL, 5L, N, O)RE DU
DP(2G)=DT(P9)
T(VOLG)—LL(H\VJLu)~(”ﬂ(\Phuc1)*DT(u\V0LG))/3?(?G)
DL(V“LQ)—OP(VO L) =D (VOLS)
IF{ e (\PRECH) JLI. BT (Pb))KLTURN
DI(PG)="T(ADPRICH)
DF(VOLO) =5(1,IVOLD)
RLTINY

3909 Ll=L(1)
12=9,0
I*(L(7).J..0)\°"(L(°))
KeYPL=3(LTYPL) 4,901
VIYPLED( RTY L)+, 001

I3

052, 3797 % .
- v v x ’ % ! )

RUCP=PREP( 1YL, 2) L A T

CA=PROP(XJIYPL, 3) '
CpP=PROP( I[Y¥YL,3)

CrPGi=247.9

CPAI=PRUF({KIYPL, 1)

Cred=2rup(:ity?un, 1)

FUOIL=336,4*a)( 't (L1),00(972))

c COnPITL PPLSLYIT Il VOLU L

T“7=“(Ll)+)°

TVOLO=TT(VILD) +( 2 P(I'V)+ DVYFOT(OIBELT)

WRIT L(G,“Qn)I'D,vu(I D), L(2),2(LY), 22, 01(I2V),RT(DP3),
+ TVOLO, DT(VILO)
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6.7

S

(]

1.7

a0l

Jlac

3319

3191

(Continued)

FOrahr(1%,3119,5L15.5) (S
DT(VOLS)=DT(VOLU 4L ) ~TVILO
IF(PVLLOLET . IVOLO)Y)YGU T 3190
ACTILILA™IR TS LapPTY
YVYOLOU=L( LTVLOLO)
CL(VCL ) =DT(aAVOLS)
Thv=.,9
THp3=d.9
39 T 317209
IF(CVOLOULLT.D(aAY2LOY) GO T 3200
ACT A ILATOR I3 LG
TVOLZ=2( 1AVCLI)
CT(VOLO) =N IVOLG)
PWV=J.0
o=l
\F"”.UL\P“L Iy w2a”ING RANGL
CHVIT UL
PIPSEDI(PI) RTIV/(D(anVILS) = IVILO+I(LIVOLO) )
PO eS)= YIRS +H(DC( e+ LOPG) *DT{UDLLT)
L” TINCH
J(VOLD)=TVOLD
}‘( Inv)=7"Y
TGy =00
P VD L sYRS CSOLPUTAL NG
IRAF=2(VGLO) /(2.3%2(\kiA)
IKMY=2HVILAY /(2.0 2 (ARLAY)
DN 3=PEAR
LiN2=n(NIN) /5.0
ACAF=D(Ant ))
\C\\—’ HF (WAl XS(NTINY)
AM=2,0T(LICH)
\"\P-“(? ASSY/LREOT*D(R2TA))
VATH=DIAS(DIN)*OP(VOLO)Y/D(ARLAY+HD( ARLD)
a51«=91*3(oix)*ar(VOLG)/n(mrlA)+J(AnL\)
NP LI=NGS{ (LY ) ) X dDIL
SLEV (VT /(DT (VOLG)+ YT (VOLYD) )
D= M IIOLO) /(D(VIOLO) + 2 (VOLS) )
G”Adt=?T(VULL)*IHUu
LASS=)(AOASL )Y * D]
VASR=D(VAGH)YRDD
FLALR=(VOLG) FRIOTEL
)3—)<A°/(\”“3*F')
AAA=D(RLA) /2,
DDO=E M (AN \*4 /31)
R LLEUR A {AAN, DDA, ASS( (L)), TR(LY) ,P(LL))
h1=CF/(JA'(L1)/\Ll(L )+QA\1/\CK[+u.rLl*)L T/ (4HCF(LY)

+ XED2ETHOTLY)
1n2=1,1
£7=0.0
ff;'.rL2=0. n
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6.71.7

wb "’."At“c -
*5«% ’
(Continued) &j /‘:j ;,.;," I

PR ! AN R
- L ! . \ 'l‘
TR(™ML1).L0.9.9) R1=0.0 flu : f‘”’f’?m
IT(M(L1).LI.0.9) R:FL1=0.0 '?’
IR(L(?2).LD. 0.9 (L(2))=0.90 <

IF(L(2).L0.0.0) 1 (L(2))=0,0
IP(L(Z).LQ.H) 39 MU 3103
2=L(7)

”“ =Ce/(EYF(L2)/Y FUL2)Y+HDRAP/ACAFHRGFL2*DL LT/ (ACY(L2)
+ xFIXOTIL) )

FAFL2=A 0 (ML) * 0T L
PT7=1.0/(DYNF(LY) /(PG (L)Y *C{L2))+D3)

IS(™M(L2YL,LT.0,0) £2=0,0

(M L2)Y.LT.0.D) \1}L2 0.0

"J".O,\- AL/ {ACAPYCP Y #DXAA/ (ACAAYCA) 1.0/ (CAP*ACAP) )

CA/( ")"\\//\L \.H‘)X'\’)/\\ A

Ein,‘ JN/(OANE/(ACAPRCO)+D34+1. 0/ (CARYACAR))

h5=1. U/(D\x Ll)/(AL (L1)*C(L1))+n3)

Bl=D(AC5N) * L0

32=L(AGN) RN (AR )

33=9(UAN) X3 ACAN)

:‘-‘(‘": YXI( AP A)

B=D(UNGA) RS L

”\f,ruJID,ﬁ,ﬁ DIo Y #3one 1 OvnRerl

DYCIS)Y =L * o (25)FYP(NVOLS) /(OP(OVIOLG) XD (0PG))
"‘.(1,1)‘:‘)1'\.:‘\‘3* N )i/l)L[)l+)l+"’).

AM1,2)=0,9

2M1,3)=~21

A1,4,=0.9

AM1,8)=~32

HEDERIAETIGIELN I I WY I% R4

A(7,1)=9,1

M2,2)=F Al LRCAT /oML YA 3SH Y FLIACPE +
+ d+024 0 917*”’L

W72,3)y=0.1

AN2,4)==05

W2,5)==01

S{2)=ER O ALLRCOE X DAR) /DL LT RCRR L) TE (LY
(e CLIFACTO)ATF(LY)

N3,1)=-31

AM3,2)=0.0

A(3,3)=A0LASLXC N/ LT M L+ 3 1335 2]

“'.(3,4)=“ 4

AM3,5)=-Kk3

3= AN GASSKCPA AT (TR ) /DL LUHCTI XD (ASAN) *D1*D( I'sT) -
+ CIP*O(NSANY* )Y ((NUV( D) +450, ) **4)423*D1* (1Y)
A(d,1)=).9

A(4,?2)==-55

A{4,3)=-21

A2, 4)= 3 A88%CPAN/ T Lo+ 35+ 44 5+RG+R T+
+ 33*n2

A(A4,8)=="5
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6.71.7

ANND

(Continued)

(4)=T Non*CPNL \*.)1(]\\])/JLL1+.(f* 'V(Ll)‘f ;..(b')){-
+O33EOIRS (LAY RCIO* DINSYY) *XD2*D( Tu D) -
+ CUP*I(ASAN) ¥ 2% ((DT(PA ) +4R0, ) *%4)

"‘(5,1)=—'5’)

AT, )s-4

\(r)l?')=-."’3

ME, ) =~08
V(5,5)=2.a0 T O/ JLLPH23HR5 3247
F(3)=PAAISACEPI*IN(IPN) /DLLY

/"\L(.; ‘I IJLP(\, LN} ),I.;(\R)l\)
ST(CVLLS)=(VeLS)

NE(I25) =0T (2G)

Po=re(Ll)

) E3(1)

DIMIAF)=3(2)
ST ) =a( 1)
'\-1.(1\‘“)_)(/!)
N re)=1(53)
rC(Ll)=3(1)
I~ (b(q) ‘4‘\.0) L“(Ll):}(?)
IF(L(2).L°.0) GO D 4909

2 (12)=3(7)
IT(L2)=3(1)

“."(Ll).h( - ,()) '1"!-‘([‘1)._?‘;\1\
I IS

[BENRA
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6.81 SUBROUTINE TFILT81

TFILT81 simulates an inline non-bypass filter with no moving parts
as shown in Figure 6.81.1. This subroutine calculates the filter wall

temperature and the temperature of the {luid in the filter bowl.

Connection No. 1 Connection No. 2

Flow
inlet Volume
(Includes Inlet
Passage of Component)
Exit Volume

{Includes Element
Volume)

Element

GP740773 6

FIGURE 6.81-1
TYPE NO. 81 F-4 TYPE IN-LINE FILTER
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6.81.1 Math Model

The thermal math model for the filter includes heat transfer to and

from two line segments, one upstream and one downstream of the filter., Six

nodes are considered: three fluid nodes and three wall nodes (as shown in

Figure 6.81-2). The filter consists of two nodes: one fluid, representing

all the fluid in the filter, and one wall, representing all the walls., The

temperatures of the upstream and line segment wall and fluid nodes are dencted

by TW(L1) and T¥(L1l), the temperatures of the filter wall and fluid nodes
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are DT(TFRW) and DT(TFFL), and the temperatures of the downstream line segment
wall and fluid nodes are TW(L2) and TF(L2). Two heat balance equations are
written to solve for DT(TFRW) and DT(IFFl), using the filter and line
segments material properties and dimensions, the atmosphere and structure
temperatures external to the filter, and TW(L1), TW(L2), and TF(L1l). (Note:
TF(L2) = DT(TFFl), see assumptions). One equation is a heat balance for the
filter fluid node. The second equations is a heat balance for the filter
wall node.
The first equation represents four modes of heat transfer relative to
the filter fluid node:
1. Conduction to and from the upstream line segment fluid node
R3*%(TF(L1)~DT(TFFL))
where R3 is the conduction coefficient between the fluids and is equal
to CF/(DXF(L1)/ACF(L1)+DXFF/ACFF+RMFLL*DELT/ (ACFF*#*2%*RHOTIL))
2. Convection to and from the filter wall node
B1* (DT (TFRW)-DT(TFF1))
where Bl is the convection coefficient between the fluid and the
wall and is equal to UFWIL*D(ASFW).
3. Heat transfer due to mass transfer into the filter from the
upstream line fluid segment.
MCp* (TF(L1) - DT(TFF1))
where ﬁCp is the flow rate coefficient and is equal to Q(L1)*RHOIL*CPFN.
4., Heat addition due to a pressure drop across the filter
MCp * DCAPT
where DCAPT = (1.0/RHOIL)*(P(L1)-P(L2))/(CJ*CPFN)
Note: There may be a pressure drop acrouss the filter and 1if sufficient

may add heat to the fluid experiencing the pressure drop. If not an appreciable
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pressure drop, (100 psi or greater) this term will be negligible.

o

These four heat transfer terms combine to produce the equation for

the heat balance for the filter fluid:

MCp * (DT(TFFl)—DT(TFFl)Old)
DELT

B1#* (DT (TFRW)-DT (TFF1)) (1)

MCp* (TF (L1)~DT (TFFL1))

-+

MCp*DCAPT+R3* (TF (L1)-DT (TFFL))

<+

where MCp is equal to FFMAS*CPFN
The second equation represents three modes of heat transfer relative
to the filter wall:
1. Conduction to and from the upstream and downstream line segment
walls
RT*(TW(L1)~DT (TFRW)
where Rl is the conduction coefficient and is equal to 1.0/(DXF(LI)/
ACW(LI)*C(LI))+DXRW/(D(ACFW)*CW)) and I = 1 for the upstream line and
2 for the downstream line.
2a. Convection to and from the filter fluid mode
B1* (DT (TFF1)~DT (TFRW)
where Bl is defined above.
2b. Convection to and from the external atmosphere
B2% (D{TA)-DT (TFRW) )
where B2 is the convection coefficient and is equal to D(UAF)*D(ASAF).
3. Radiation exchange with the surrounding structure
CIP*{D(TST)~(DT(TFRW)+460.)**4)

where CIP is the radiation coefficient and is equal to SIGMA*EPSTION*

SHAPF*D (ASAT) .
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these heat transfer modes combine to produce the equation for the heat
balance of the filter wall node:
MCp* (DT (TFRW) DT (TFRW) 514) = R1*(TW(L1)-DT (TFRW)) (2)
DELT
+ R2%(TW(L2)-DT (TFRW))
+ B1*(DT(TFF1)-DT (TFRW))
TBZ*(D(TA)—DT(TFRW))
+ CIP*(D(TST))
—-CIP*((DT(TFRW)+460) **4)
when MCp is equal to D(FMASS)*CPWN
Equations (1) and (2) are solved for the appropriate temperatures.
A thermal model of the above heat transfer terms for the filter is shown in

Figure 6.81-3.

MCp*DCAPT
EXIT
INLET i FLUID
FLUID P TF(L2) =
TF(L1) R3 MpCphm m — = —— — —DT (TFF1)
DT (TFF1) BN = CONVECTION
MCp = STORAGE
MCp = FLOW
Ry = CONDUCTION
B3 CIP = RADIATION
MCp*DCAPT = GENERATTON
TW(L1)e— R1 - R2 —TW(L2)
M, Cp)

B2 cps\
D(TA)«/// N D(TST)

FIGURE 6.81-3
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In the hydraulic math model a second order relationship is used to
compute the filter pressure drop.
PUP = PUP-QA*QS*(COEFFL+QA*COEFTT) (4)

where PUP = upstream pressure (PSI)

QA = magnitude of tlow (CIS)

QS

sign of flow

COEFFL = laminar flow coefficient (PSI/CIS)

]

COEFFT turbulent flow coefficient (PSI/CISZ)

6.81.2 Assumptions
1. The temperature of the fluid leaving the filter is equal
to the filter fluid node temperature, DT(TFFl).
2. The entire filter wall is at the same temperature.
3. The temperatures of the atmosphere and structure surrounding
the filter remains constant.
4, The interface conductance between the filter and line walls
is infinite.
5. The emissivity of the wall material is a constant.
6. romplete fluid mixing occurs in the fluid volume.

6.81.3 Computational Methods

The subroutine executes the above discussed calculations as follows.
Section 1000
The fluid and wall temperatures are initialized, the external
structure temperature is changed f{rom degrees Farenheit to Rankine and raised

to the forth power, and the default values are assigned.
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Section 2000
The laminar flow coefficient D(CONSEL) and turbulent flow coefficient
D(CONE2) are adjusted for fluid other than MIL-H-5606B and temperatures other
than 100°F. Equation (4) is then solved to obtain the filter pressure prop.
Section 3000
Property values are assigned. Dimensions and coefficients are calcu-
lated. The flow direction is determined. (The program is set up with the
flow entering connection line one (L1) and leaving thru connection line
two (L2)., During the calculation the flow direction is checked. If the
flow has reversed flow direction, the program reassigns connection numbers
so that the flow still enters connection line one.) Some coefficients are
then recalculated if the flow is reassigned. A 2 x 2 matrix is loaded and
the mathematical equations are solved for DT(TFFl) and DT(TFRW) and stored
in the B computational array. The calculated values are assigned to their
proper storage locations and this boundary conditions are assigned to arrays
in COMMON/TRANS/for distribution throughout the entire program.

6.81.4 Approximations

Not applicable.
6.81.5 Limitations

Not applicable.
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6.81.6 Variable Names

Variable
AC )

AAA
D(ACB)
ACFF

D (ACFW)

D (ASAF)
D (ASFW)
Al, A2
BC )
CENT

cIP
COEFFL
COEFFT
cJ
D(CONE2)
D (CONSEL)
CPWN

cwW
DCAPT
DDD
DENS

DXRW

EPSTON

D (FMASS)

Description

Computatlional array

Dummy variable

Cross sectional area of the filter bowl

Cross sectional area of the fluid in the filter

Cross sectional area of the filter walls at the
connections

External surface area of the filter

Internal surface area of the filter

Dummy variables

Computational array

Fluid viscosity

Radiation coefficient

Viscosity corrected laminar flow coefficient
Viscosity corrected turbulent flow coefficient
Mechanical equivalent of heat

Turbulent flow coefficient

Laminar flow coefficient

Specific heat of the filter walls

Thermal conductivity of the filter walls
Heat added to fluid due to a pressure change
Dummy variable

Fluid density

Distance from wall node to interface with
line segment

Emissivity factor of the walls

Mass of the filter walls

6.81-8

IN2/SEC
oph
WATTS /°R
PST/CIS
ot frral
PSI/CIS
FT~LBg/WATTS-SEC
PSI/CIS?
PSI/CIS
WATTS-SEC/LBp-°F
WATTS/IMN-°F
°F

LB ~SEC2/IN"

IN

188 m




Variable Description Dimension

FRFM Mass of the fluid in the filter LB,
IERRUR Dummy variable --
D(ITC) Initial temperature of the filter walils °F
D(ITF) Initial temperature of the fluid " °F

L1,L2 Line connection addresses -

MTYPE Material type of the walls -

D (PERC) Percentage heat added to the fluid due to a pressure --

drop

RHOIL Fluid density LBm/1N3
RHOW Density of filter walls LBy / IN3
RMFL1 Mass flow rate entering filter LBp/SEC
RMFL2 Mass flow rate leaving filter LB/ SEC
R1,R2 Dummy variables -

SHAPF Shape factor case to surrounding structure -

S1GMA Stefan-Boltzman constant for radiation WATTS /IN2—°R4
D(TA) Temperature of the surrounding atmosphere °F

TEMP1 Dummy variable -
DT(TFF1) Filter fluid temperature °F

DT (TFRW) Filter wall temperature °F
D(TST) Temperature of the surrounding structure °F

D (UAF) Heat transfer coefficient (surrounding WATTS/TN2—°F

atmosphere to filter walls)
UFWIL Heat transfer coefficient (fluid to filter walls) WATTS/IN2—°F

D (VOLUME) Volume of fluid inside filter N3

6.81-9




6.81.7 Subroutine Listing

SUBROUTIJIEL TFILTS1 (D,DT,D0,L)

DIMENSTION D(1),DT(1),DD(1),L(1)

COMION /TRANS,//P(300),2(300),C(300),TC(300),TW(300),TF(300),
+ ACF(300),AC%(300),DXF(300),TI0E,DLLT,PI,NLINL,NLL
COuciON /COaP/LLYPL(99) ,NC{99),KTLaP(99),IND, ILNTR, INLL
COMaON /STLADY/PN(90),0M(90),PLX(90),PDLLG(90),0QL(90),
+ DA,D5,01, PUP, PDOWN, NNODL , NLLG,NCPN, TERe, LLGN, ICON, INV,
+ INX,INZ,NUP(90),NDWN(90),NLLL4(90),ILLGAD(90),1LELG(1000)
COmMION /FLUID/ATPRLS,CF,CPFN, FLENP, PROP(13,3)

DINENSTON A(2,2),3(2)

INTLGLR UAF, ASAF, FiIASS, TA, TST, TFFY, TFRW, I'PC, ITF ,AS5Fw,
+ VOLUML,ACFW,ACH,CONSLL,CONL2, PLRC

C D ARRAY VARIABALES

DATA JATYPL/ L/, FLASS/2/,VOLUME/ 3/ ,ACFw/ 4/ ,ACB/5/

+ ,ASAR/G6/ ,ASFw/7/,0UNF/8/,T8Y/10/,TA/YY/, 1V /12/,1TC/13/
+ ,CONSLL/14/,CONL2/15/,PERC/9/

DATA SIG.A/.349L-11/,SilAPF/.93/,EPSION/.3/,Cd/8.85/

C DT ARAAY VAARIABALLS
DATA TFF1/1/,TFRW/2/
C UAF =HEAT TRANSFLR COLFFICILNT CASE AwALL TO AdBILNT
C ASAF  =3URFACL ARLA CASE WALL TO AGABIENT
C F.iASs  =FILTLR WALL A3S,LBS., (IOTAL WLIGIT)
C TFF1  =TE«PLRATURE OF THE FLUIO
C TFRY = v OF THk CASSE WALL
C VOLUOe=TOTAL VOLUnL OF FLUID IN CASLEL
C ASFw  =SURPFACEKH AREA CASE WALL TO INSIDE FLUID
C TA =TEHMPLRATURL OF SURRKROUNDIING AABILNT
C TsT =TLaPLRATIRE OF v STRUCTURL
C ACFW=DI3TANCL INLET TO LXIT
C AC3=CROSS SLCTIONAL ARLA OF THEL INSIDE OF THL SOJL

TF(ILNTR) 1000,2000,3000

C ***x 1000 SLITIOHN

1000 CONTIANUL

Li=L(1)
L2=L(2)
DT(TIFF1)=0(ITF)
DT(TFRW)=D(I'TC)
IF(O(CONSEL).LE,0.0) D(CONSEL)=.0001
O(ToL)=(N(Lol)+460,)%*4
I¢ (D(UAF).LDQ.0.0) D(UAF)=.,0069
TF(L1)=D(ITt)
TF(L2)=D(ITF)
TC({L1)=D(ITC)
TC(L2)=D(ITC)
KTYPL=D(ATYPL)+,001
RHOvi=PROP(KTY?L, 2)
Chi=pPROP(KTYPL, 3)
CPWI=PROP(KTYPL, 1)
RLTURA

C *** 2000 SECTION
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6.81.7

C

2000

31000

3003

3033

3099

(Continued)

CONTINUE

DENS=RHO(TF(L(1)),PUP)

CENT=VISC(TF(L(1)),PUP)

COEFFL=CENT*DENS*D( CONSEL)/(.028*8, 2L~5)
COLFFT=CENT**, 25*DENS*D(CONE2)/(.40906234*3, 2L-5)
PUP=PUP-QA*)S* (COLFFL+JA*COEFFT)

RETURN

L1=L(1)

L2=L(2)

IF(Q(L1).GT.0.0) GO TO 3003

L1=L(2)

L2=L(1)

RIHOIL=386.4*RUHO(TF{"1),P(L1))

FFMASS=D(VOLUME) *RIOIL

AAA=D(ACB) /2.

DDD=SQRT{AAA*4,/PI)

TLEAP1=DT(TFRW)
UFWIL=UFW(AAA,DDD,ABS(Q(L1)),TF{LL),P(LL))
DXRW=D(VOLUME)/(2.0*D(ACFHW))

ACFF=D(AC3)/3.

DXFF=FFHASS/(RUDIL*D(ACB)*2,)
RAFL1=ABS(Q2(L1l))*RHOIL

RAFL2=ABS(Q(L2))*RHOIL
R1=1.0/(DXF(L1)/(ACW(LY1)*C(LL1))+DXRw/(D(ACFW) *Cw")
R2=1,0/(DXF(L2)/(ACW(L2)*C(L2))+DXRA/(D(ACFW)*CW))
R3=CF/(DXF(L1)/ACF(L1)+DXFF/ACFF+ReiFL1*DELT/ (ACFF**2*RHOIL))
Bl=UFWIL*D(ASFW)

B2=D(UAF) *D(ASAF)
DCAPT=(1./RHBOIL)*ABS(P(L1)-P(L2))/(CPFN*CJ)
CIP=SIGIA*SIHAPF*LPSION*D(ASAF)

TFF1,TFRW NODES5 IN ORDER
A(1,1)=FFiASS*CPFN/DELT+RMFL1I*CPFN+314R3
A(l,2)=-81
B(1)=FFi4ASS*CPFN*DT(TFF1)/DELT+RIFLI*CPFI*TF(L1)

+ +RIFL1*CPFN*DCAPT*D( PLRC)+R3*TF(L1)

A(2,1)=-B81
A(2,2)=D(FIASS) *CPIN/DLLT+32+31+R1+R2
B(2)=D(F.ASS) *CPviN*DT(TFRW) /DELT+RI*TW(LL)+R2*TV(L2)

+ +32%D(TA)+CIP¥D(TST)-CIP*((DT(TFRV) 1460.)**4

CALL s140LT(A,B, 2,IERROR)
TF(L2)=3(1)

TC(L1)=3(2)

TC(L2)=B(2)

DT(TFF1)=8(1)
DT(TFRW)=8(2)

RETURN

LND

6.81-11




SR

6.101 SUBROUTINE ACT101

TACT101 simulates a simple servo actuator with a mechanical input to the
servo valve, which operates open loop, without feedback as shown in Figure
6.101-1.

A time history of valve position Is inputed and a first order or straight
line interpolation is used between the input points.

The valve is assumed to be a linear square port configuration, with zero
lap. The width of each port slot is inputed independently, to allow the valve
areas to be matched to the actuator piston areas. The initial actuator position
is input, together with the external loads at the fully retracted and extended
stroke positions. The load stroke curve is assumed to be linear between these
positions. The steady state balancing system uses the load at the initial
position to determine the pressure drop across the piston. The effects of
atmospheric pressure is incorporated into the load.

The subroutine calculates two actuator fluid temperatures, two valve fluid
temperatures, two actuator wall and one actuator piston temperatures, and one

valve wall temperature.

Retprn Pressure

Connection No.2-—\\ Connection No. 1

Input

Command
XV + VE

External
Load 1 : .
——-ﬁ——@———@-— ‘ -
|
)

No. 2 Volume No. 1 Volume

FIGURE 6.101-1
TYPE NO. 101 VALVE CONTROLLED ACTUATOR

GP2407732
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6.10i-1 Math Model

The thermal math model for the actuater includes heat transfer to and
from two connecting line segments, one upstream and one downstream of the
actuator valve. For the actuator valve combination there are a total of

12 nodes: six fluid nodes, five wall nodes, and one piston node, as shown

in Figure 6.101-2,
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e
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p

FIGURE 6.101-2
ACTUATOR, VALVE AND LINE SEGMENT NOGE REPRESENTATION

GP77-7065-13

The temperatures of rhe upstream line segment nodes are TF(L1l) and TW{(L1)
for the fluid and wall respectively, the temperatures of the downstream line
segment nodes are TF(L2) and TW(L2) for the fluid and wall respectively. The

actuator valve nodes temperatures are DT(TVF1), DT(TVF2)., and DT(TVN) for two
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fluids and the valve wall respectively. The actuator wall temperatures are
DT(TCN) for the walls around volume one, and DT(TDN) for the walls around
volume two. The two actuator fluid nodes temperatur-s are DI (TFAl) for the
fluid in volume one, and DT(TFA2) for the fluid in volume two, and the actuator
pistons node temperature is designated as DT(TPN).

Eight equations are written to solve for the eight valve and actuator
temperatures, using the actuator, valve and line segment material properties
and dimensions, and external atmosphere and structure temperatures of the
actuator and valve. The equations represent the hoat transferred to and

from each of the eight actuator nodes.

1)

line’ two 2)

line two

valve 1 Flow
volume two Flow line one valve Iy
volume two 11
valve i ne one
A

volume one } |_—— valve
ey | volume one

NNMVEN NENNE

.

//? P.\

/
5 AN Ad 1
actuator—/l ist n\—act:uator actuator—\ \—actuator
volume two pisto volume one volume two piston volume one

FIGURE 6.101-3
ACTUATOR WORKING SIMULATIONS

During operation of the actuatar,fluid always enters connection one, or
flows into valve volume one, and then has twd> possible paths as shown in
Figure 6.102-3. 1t either: 1) m ay enter actugtor volume one. If tiris happens
fluid from actuator volume two then leaves actuator volume two, due to movement
of the piston, and travels into valve volume two. The fluid then leaves valve

volume two to line two, or 2) may enter actuator volume two moving the piston
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which forces fluid out of actuator volume one into valve volume two which then
leaves valve volume two again to line two.

To describe the math model we shall only consider the first path. Recall
that eight equations are necessary. The {irst equation represents four modes
of heat transfer relative to the valve volume one fluid.

1) Conduction to and from the upstream line fluid node
R15*% (TF(Ll) - DT(TVF1))
where R15 is the conduction coefficient for the fluids equal to
CF/(DXF(L1) /ACF(L1) + DXV/ACFV + RMFL1*DELT/(ACFV¥**2*RHOIL))
and RMFLL is the mass flow rate equal to Q(LI1)*RHOIL
2) Heat transfer due to mass transfer of fluid into the valve from
the upstream line segment
MCp* (TF(L1) - DT(IVF1))
where ﬁCp is the mass transfer term and is equal to RMFL1*CPFN
3) Convection to and from the valve wall node
B7#%(DT(TVN) - DT(TVFl))
where B7 is a convection coefficient and is equal to UFWIL*I (ASFV)/2.0
4) Heat added directly to the fluid due to a pressure drop from line
one to the valve volume.
MCp*ICAPTL
where ﬁCp is as defined previously and DCAPTL is equal to 1.0/RHOiL*
(P(L1) - DT(PP1))/ (CI*CPFN*2.)
These terms are combined to produce the equation for heat balance for

a volume one,

MCp (DT(TVF1) - DI(TVF1), ) = RL5%(TF(L1) - DT(TVFL))#MCp (TF(LL) - (1)
DELT
DT(TVFL1) + B7*(DT(TVN) - DT(TVFl)) +
MCp*DCAPT1

when MCp = FMASS*CPFN
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The second equation represents three modes of heat transfer relative to

the actuator volume one.

1) Heat transfer due to mass transfer into the actuator vclume
from the valve volume one
MCp* (DT (TVF1) - DT (TFAl})
where HCp 1s equal to Q(LL)*RHOIL*CPFN
2a) Convection to and from the actuator walls surrounding vclume
one B3*(DT(TCN) - DT(TFA1))
where B3 is the convection coefficient equal to
UALC*ASALC
2b) Convection to and from the piston node
B5*% (DT (TPN) ~ DT(TFAL))
where BS5 is the convection coefficient equal to D(UA1P)*D(AREAL).
3) Heat added directly to the fluid due to a pressure drop across
the orifice into the actuator.
MCp*DCAPT1
ﬁCp is equal to RFML1*CPFN and DCAPT 1is the same as defined previously.
These terms are combined to produce the heat balance equation for the

actuator volume one.

MCp (DT(TFAl) - DT(TFAl)

) = MCp*(DT(TVF1) + DCAPTL - DT(TFAL)) + (2)
DELT OLD

B3* (DT (TCN)-DT (TFALl)) + B5*(DT(TPN) -
DT(TFAl))
where MCp is equal to FMASSL(CPFN).
The third equation represents one mode of heat transfer relative to the
actuator volume two.
la) Convection to and from the actuator wall surrounding velume two
B4*DT(TDN) - DT(TFA2))
where B4 is equal to UA2D*ASA2D.
1b) Conveation to and from the actuator piston noae
B6* OI(TPN) - DT(TFA2))

where B6 is equal to UAZP*D(ARFA2).
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These terms combine to form the heat balance equation for the actuator

exit volume two.

MCp  *(DT(TFA2) - DT(TFAZ)
DELT

OLD) = B4*(DT(TDN) ~ DT(TFA2)) + (3)
B6* (DT(TPN) - DT (TFA2))
where MCp is equal to FMASS2*CPFN.
The fourth equation represents three modes of heat transfer relative
to che valve volume two, the exit volume.
1) Heat transfer due to mass transfer of fluid into the valve
volume from actuator volume two.
MCp* (DT (TFA2) - DT(TVF2))
where ﬁCp is equal to RMFL2*CpFN and RMFL2 is equal to Q(L2)*RHOIL.
2) Convection to and from the valve wall node
B7*(RT(TVN) - DT(TVF2))
and B7 has been defined previously.
3) Heat added directly to the fluid due to a pressure drop into
the actuator volume two.
MCp*DCAPT2
where ﬁCp has just been defined and DCAPT2 1s equal to
1.0/RHOIL*(DT(PP2) - P(L2))/(CIJ*CPFN*2.)*2.0.
These terms combine to produce the eyuallon for the heat transferred to
and from the valve exit volume two.

MCp *(DT(TVF2) - DT(TVF2) ) = ﬁCp*(DT(TFAZ) - DT(TVF2)) + (4)

DELT OLD

B7#(DT(TVN) - DT(TVF2)) + MCp*DCAPT2
where MCP is equal to FMASS*CPFN.
The fifth equation represents three modes of heat transfer te and from

the valve walls.
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la)

1b)

1lc)

1d)

2a)

Conduction to and from the upstream line segment wall node

R1*(TW(L1) - DT(TVN))
where Rl is the conduction ccefficient for the walls equal to
1.0(DXF(L1)/ (ACW(L1)*C(L1l) + DXV/(ACV*CV)) with the interface
conductance between the two nodes being infinite.
Conduction to and from the downstream line segment wall node

R2% (TW(L2) - DT (TVN))
and R2 is equal to Rl with L1 replaced by L2
Conduction to and from the actuator wall node surrounding volume
one.

R3* (DT (TCN) - DT(TVN))
where R3 is equal to 1.0/(DXV/(ACV*CV) + DXC/(ACC*CC) +
1.0/(D(ACCV)*D1*#D(CCV))) and D1 represents the amount of
mass that surrounds the actuator volume one and is equal to
DT (VOL1) /(DT (VOL1) + DT(VOL2))
Conduction to and from the actuator wall node surrounding
volume two, equal to DT(VOL1l)/(DTVOL1) + DT(VOL2))

R4* (DT (TDN) - DT(TVN))
where R4 is equal to 1.0/(DXV/(ACV*CV) + DXD/(ACD*CC) +
1.0/ (D(ACCV)#D2*D(CCV)). D2 represents the amount of
mass that surrounds the actuator volume two, and is equal to

DT (vOv2)/(DT(VOL1l) + DT(VOL2).

Convection .o and from the valve fluid in the enrtrance volume
one.

B7%(DT(TVF1) - DT(TVN))

where B7 was defined previously,
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2b) Convection to and from the valve fluld in the exit volume
two.
B7*(DT(TVF2) - DT(TVN))
2c) Convection to and from the external atmosphere
A2%(D(TA) - DT(TVN))
where A2 is the convection coefficient for the walle and
is equal to D(UAV)*D(ASAV).
3) Radiation exchange with the surrcunding structure
CIP1*(D(TST) - (DT(TVN) + 460)")
where CIP1l is the radiation coefficient equal to SIGMA*SHAPF*
EPSTON*D (ASAV).
These terms are combined to produce the equation for the heat balance for
the valve walls.

MCp (DT(TVN) - DT(TVN)
DELT

OLD) = RI*(TW(L1) - DT(TVN) )+ R2*(TW(L2) - (5)
DT(TVN)) + R3*(DT(TCN) - DT(TVN)) +
R4* (DT (TDN)- DT (TVN)) + B7%(DT(TFAl)+
DT(TFA2) - 2*DT(TVN)) + A2*(D(TA) -
DT (TVN)) + CIP1*%(D(TST)) - CIPL*(DT(TVN)
+ 460, )¥*4
The sixth equation represents three modes of heat transfer relative to
the actuator wall node surrounding volume one.
la) Convection to and from the fluid in volume one.
B3*(DT(TFAl) - DT(TCN))
where B3 is the same as defined previouslv.
1b) Convection to and from the surrounding atmosphere

B1*(D(TA) + DT(TCN))

where Bl is equal to UAC*D(ASAC)*D1.
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2a)

2b)

2¢)

3)

Conduction to and from the actuator wall node that surrounds
volume two
R5*%(DT(TDN) - DT(TCN))
where R5 is the conduction coefficient equal to CC/(DXD/ACD + DXC/ACC).
Conduction to and from the valve wall
R3*(DT(TVN) - DT(TCN))

with R3 defined previously.

Conduction to and from the piston node
R9* (DT (TPN) - DT(TCN))
where R9 is equal to 1.0/(DXP/(ASCP*CP) + DXC/(ACC*CC)).
Radiation exchange with the surrounding structure
D1*C1P2% (D (TST) - (DT (TCN)-+460) )
where ClP2 is the radiation coefficient equal to SIGMA*SHAPE*

EPSION*D (ASAC).

The terms then combine to produce the heat balance equation for the

actuator wall node around volume one.

MCp *(DT(TCN) - DT(TCN). .) = B1*(D(TA) - DT(TCN)) +
DELT OLD

B3*(DT(TFAl) - (6)
DT('’CN)) + R5*(DT(TDN) - DT(TCN)) + R3*(DT(TVN) -
DT(TCN)) + R9*(DT(TPN) - DT(TCN)) + D1*ClP2*(D(TST)) -~
DL*CIP2* (DT (TCN) + 460)**4

where MCp is equal to CMASS*CPCN.
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The seventh equation represents two modes of heat transfer relative to
the actuator piston.
1) Convection to and from the two actuator fluids in volume one and
volume two, respectively, with coefficients defend previously
B5%(DT(TFAl) - DT(TPN))

and B6* (DT (TFA2) - DT(TPN)).

2) Conduction to and from the two actuator wall nodes surrounding
volumes one and two respectively, with the terms being defined
previously

R9* (DT (TCN) ~ DT(TPN)) and
R12% (DT(TDN) - DT(TPN)).

These terms combine to produce the heat balance equation with the

actuator piston.

MCp  *(DT(TPN) - DT (TPN)
DELT

OLD) = B5%(DT(TFAl) - DT(TPN)) +
B6* (DT (TFA2) - DT(TPN) )+
R9* (DT (TCN) -~ DT(TPN)) + R12%
(DT(TDN) - DT(TPN))
where MCp is equal to PMASS*CPFN.
The eighth equation represents three modes of heat transfer relative to
the actuator wall node surrounding actuator volume two.
la) Convection to and from the fluid in volume two

B4* (DT (TFA2) - DT(TDN))

where B4 is a convection coefficient vqual to UA2D*ASA2D

6.101-10

— i T ——— ———r



Bt

1b) Convection to and from the surrounding atmosphere
B2% (D(TA) *DT (TDN) )
where B2 is equal to D2*UAC*D(ASAC) and D2 is a variable to
calculate the wall mass that surrounds volume two, equal to
DT (VOL2) /(DT(VOL1) + DT(VOL2)).
2a) Conduction to and from the other actuator wall node
R5*% (DT (TCN) - DT(TDN))
with R5 defined previously.
2b) Conduction to and from the valve wall mass
R4* (DT (TVN) - DT(TDN))
where R4 is the conduction coefficient between the walls equal
to 1.0/(DXV/(ACV*CV) + DXD/(ACD*CC) + 1.0/(D(ACCV)*D2*D(CCV)))
2¢) Conduction to and from the actuator piston
R12*(DT(TDN) - DT(TDN))

where R12 1is equal to 1.0/(DXP/(ASCP*CP) + DXD/(ACD*CC))

3) Radiation exchange with the surrounding structure
D2*CIP2*(D(TST) - (DT(TDN) + 460)%)
with these terms the same as defined previously.
These terms then combine to produce the heat balance equation for the

actuator wall node

MCp *(DT(TDN) - DT(TDN)...) = B4*(DT(TFA2) - DT(TDN)) +
DELT OLD

B2*(D(TA) -
DT(TDN)) + R5*(DT(TCN) - DT(TDN)) + R&4*(DT(TVN) -
DT(TDN)) + CIP2*D2* D(TST) - CIP2*D2* (DT (IDN)
+ 460)%*%4
where MCp is equal to DMASS*CPDN. A thermal model of the above 8
equations is shown in Figure 6.101-4. Equations (1) thru (8) are solved for the

appropriate temperatures.
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D(TA) s, c1pL— D(IST)
TW(L2) +— R1 R2 o TW(L1)
vCR)  pr(TVN)
* * DT
HMCp*DCAPTL HCp*DCAPT2
- B7
INLET MCp EXLT
FLUID FLUID
TF(L1) DT (TVF1) —— — — —TF(L2)=
R15 DT (TVF2)
MCp
DT (TFA2)
D
M CpDCAPTL lll MA20§
B4
R3 .~ DITIPN) R4
& R12
DT (TCN) RS DT (TDN)
McCp MdCp
N B1 B2 BN = CONVECTION
MaCp = STORACL
D(TA) e 1P pn = CONDUCT ' ON
D1*C1P2 D2xC 1’2 MCp = FLOW
e CIPN - RADIATION
D(§Sl) MCp*DCAPT = GENERATION

FIGURE 6.101-4
THERMAL MODEL
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In the hydraulic math model the total actuator load is given by

DT (FORCE) - DT(LOADZ) + DT (LOADS)*DT(X)
where

DT (LOADZ) - LOAD AT ZERO STROKE (LB)

DT(LOADS) = LOAD/STROKE SLOPE (LB/IN)

DT (X) = ACTUATOR POSITION (IN)

The valve opening is determined from interpolation of the valve input
data at the current time step. Depending on the direction of the valve movement
the overboard flow at the actuator node is calculated. For an actuator that
is extending

QN(N) = -DT(NCAV)*Q1* (D(AREAl) - D(AREA2))/D(AREAl) €))

The pressure gain or loss across the piston is calculated using the force
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balance equation
DT(PFORCE) = (~-PN(N)*(D(AREAl) - D(AREA2)))/D(AREA2) + QS*D(DAMP)/D(AREA2)
If the actuator where retracting equations (9) and (10) would become
QN(N) = - DT(NCAY)*QL*(D(AREA1) - D(AREA2))/D(AREA2)
and
DT(PFORCE) = (-PN(N)*(D(AREA2) - D(AREA1)) + DT(PFORCE))/D(AREALl) -
QS*D(DAMP)D(AREAL)
6.101.2 Assumptions
1) The fluid exiting from the actuator valve to the connecting line
is equal to DT(TVF2).
2) The Interface conductance betwen the piston and the actuator walls
is infinite.
3) Complete mixing occurs in all fluid volumes.
4) Piston and valve leakages are negligible.
5) The emissivity of the walls remains constant, at .3 for stecl.
6) The atmosphere and structure temperatures remain constant.

6.101.3 Computational Methods

Section 1000
The fluid and wall Lemperaturcs are initialized, the external
structure temperature is changed from degrees Farenheit to Rankine and raised

to the fourth power, and the default values are assigned. Compute load/stroke

(10)

(11)

(12)

slope, determine valve position and compute the coefficient for the valve opening.

Section 2000

This section is called from TLEGCAL via COMPE for each connection

number for each iteration. Calls are made for each iteratjon because the overboard
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flow and pressure drop across the piston head very with the flow into the

actuator and the pressure in the piston cavity.

One of the cavities is required to be a system node. Which cavity it
is depends on the valve position at the current time step. If NODE = 1 it is
in #1 cavity, if NODE = 2 it is in #2 cavity.

The steady state section is complicated by the need to determine if the
actuator is at its stroke limits, and if the flow guess is taking it toward
or away from the limit.

When it is at its limits, and is being driven into the limit, a high
impedance is added into the leg, and the overboard flow is set to zero.
(Overboard flow is a displacement flow due to unequal areas).

The steady state calculation set up requires that connection #1 must be
the last or only element in the upstream leg, and connection #2 is the first
element in the downstream leg.

The upstream leg flow is used to calculate the overboard flow and piston
velocity. If the valve is closed the overboard flow is set to zero.

For the upstream leg the valve impedance DT (PP1lP) is added into PUP of
that leg. For the downstream leg, the valve impedance PT(PP2P) is added into
PUP and the constant pressure drop DT(PFORCE) across the piston is subtracted
from PUP or added if it is a pressure rise.

Section 3000

This section calculates the thermal transient response of the actuator.

INTERP 1is called to obtain an interpolated value of valve position XV.
With this value of XV, the flows dnto the actuator chambers are calculated.

If XV is zero, the flows are set to zero. For XV >0, Ql is the flow from
connection #1 to chamber #1, and Q2 the flow from chamber #2 to connection #2.

For XV<0 the flows are reversed.
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From the valve position recalculate the flow coefficients through the
valve. The position of the actuator piston is computed using a simple integra-
tion.

DT(X) = DT(X) + (DT(VEL) + DT(VELO))*DELT/2.
The cylinder volumes are easily calculated as

DI (VOL1) DT (VOL1) +(DT(x)-X0)*D(AREAL)

It

DT (VOL2) = DT(VOL2) -(DT(x)-XO0)*D(AREA2)

Property values are assigned. Dimensions and coefficients are
calculated. The flow direction is determined. (The program is set up with
the {low entering connection line one (L1) and leaving thru connection line
two (L2). During the calculation the flow direction is checked. If the flow
has reversed flow direction, the program reassigns connection numbers so that
the flow still enters connection line one). Some coefficients are then
recalculated if the flow is reassigned. A 8 x 8 matrix is loaded anc the
mathematical equations are solved for DT(TVFl), DT{TFAl), DT(TFA2), DT(TVFL),
DT(TVN) DT(TCN), DT(TDN) and DT(TPN) and stored in the B computational array.
The calculated values are assigned to theilr proper storage locations and the
boundary conditions are on distribution throughout the entire program.

6.101.4 Approximations

1) All iuput heat transfer and interface coefficients remain

constant.
2) External temperatures all remain constant.
6.101.5 Limitations
This straight line flow characteristics of the valve and the straight line

load characteristics limit the applicability of this subroutine to a simple

type of actuator.
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6.101.6 Variable Listing

Variable
AC)

AAA

ACAl
ACA2

ACC
D(ACCV)
ACD
ACFV

ACV

D(AMASS)
D(AREAL)
D(ARFA2)
D(ASAC)
D(ASAV)
ASALC
ASA2D
ASCP
ASDP
D(ASFV)
ASIGN

B1,B2,B3,
B4,B5,B6,B7

cC

CCv

Description Dimension
. Y
Dummy computational array IN
. 2
Dummy variable IN
. 2
Cross sectional area actuator volume one IN
2
Cross sectional area actuator volume two IN
, 2
Cross sectional area actuztor well around volume IN
2
Contact area between the valve and the actuator walls IN
. 2
Cross sectional area actuator wall around volume two IN
. oy . 2
Cross sectional area of the fluid in the valve IN
2
Cross sectional area of the valve wall (contacting IN
lines
Mass of the actuator LB
, 2
Surface area, piston to volume one IN
. 2
Surface area, piston to volume two IN
2
Surface area, piston to actuator IN
2
Surface area external to valve IN
. , 2
Surface area internal to actuater wall volume one IN
2
Surface area internal to actuator wall volume two IN
. 2
Contact area, piston and actuator wall volume one IN
, 2
Contact arca, piston and actuator wall volume two IN
2
Internal surface area of the valve IN

Dummy variable

Thermal conauctivity of the actuator mass WATTS/ IN-°F

2

Interface conductance between the valve and nctuator yATTS/IN -°F
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Variable

cJ
CMASS
cp
CPCN
CPFN
CPPN
CPVN
cv
D(DAMP)
DCAPT1
DCAPT?2
DDD

DELTAL

DELTA2

DELTA3

DMASS

DXC

DXD °

DXF
DXP
DXV

D1,D2

Description

Mechanical equivalent of heat

Actuator mass around volume one

Thermal conductivity of the piston
Specific heat of the actuator walls
Specific heat of the fluid

Specific heat of the piston

Specific heat of the valve walls

Thermal conductivity of the valve walls
Static seal friction

Temperature change do to a ‘pressure drop
Temperature change do to a pressure drop
Dummy variable

Distance from ianlet of valve to volume one of
actuator

Distance from outlet of valve to volume two of
actuator

Distance from outlet of valve to volume one of
actuator

Actuator mass around volume two

Distance from node of actuator volume one to
interface

Distance from node of actuator volume two to
interface

Distance from node of fluid in valve to inte.face
Distance from node of piston to its interface
Distance from node of valve walls to its interface

Variable to determine actuator node mass
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Dimension
IN-LB_ /WATTS-SEC
LB,
WATTS /IN-°F
WATTS~SEC/LBy-°F
WATTS~SEC/LBy~°F
WATTS -SEC/LLy, °F
WAT1S-SEC/LBy~°F
WATTS /IN-°F
LB .
°F

°F

IN.

IN.

IN.

LB.

IN.
IM.

IN.
IN.

1.




Variable

FMASS
FMASS1
FMASS2
DT (FORCE)
ITC

ITF
KTYPE
D(MAXST)
D(MAXL)
D(MINL)
D(MTYPE)
NTYPE
D(PERC)
DT (PFORCE)
P(PHELGHT)
D(PMASS)
DT(PP1)
DT (PP2)
DT(PP1P)
DT(PP2P)
D(PTHICK)
D(PTYPE)
RHOC
RHOIL

RHOP

Description

Total mass of fluid in valve

Mass of fluid in actuator volume one
Mass of fluid in actuator volume two
Load on actuator

Initial temperature of the actuator valve walls
Initial temperature of the fluids
Dummy variable

Maximum stroke

Load at max stroke

Load at min stroke

Actuator material type

Dummy variable

Percentage heat from pressure drop added to fluid

Actuator pressure drop or rise
Piston wall height

Piston mass

Cylinder 1 pressure

Cylinder 2 pressure

Dummy variable

Dummy variable

Piston wall thickness

Piston material type

Density of the actuator material
Density of the fluid

Density of the actuator piston
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Dimension
LBy
LBy,
LBm
LB
°F

°F

IN.
LB

LB

PS1
LBy
LBm
PSI

PSI
IN.
LBy /IN.

LB, /TN,
LBy, /TN, °




Variable

RHOV
RMFL1
RMFL2

R1,R2,R3,R4,
R9,R12,R15

SHAPF
SIGMA
D(SLOTW1)
D(SLOTW2)
D(SLOTW3)
D(SLOTW4)
D(TA)

DT (TCN)

DT ('TDN)

DT (TFAL)
LT (TFA2)
DT (TPN)
D(TST)
DT(TVF1)
DT (TVF2)
DT (TVN)

UAC

D(UAV)

UALC

D{(UALP)

Description

Density of the valve walls
Mass flow rate into valve
Mass flow rate leaving valve

Dummy variables

Shape factor walls to atmosphere

Stefan-RBotzmann constant for radiation
Slot widtl volume 1 to con #1
3lot width volume 1 to con #2
Slot width volume 2 to con #1
Slot width volume 2 to con #2
Temperature of

the surrounding atmosphere

Temperature of the

volume one

actuator wall node surrounding

Temperature of the

volume two

actuator wall node surrounding

Temperature of the actuator fluid node in volume one

Temperature of the actuator fluid node in volume two

Temperature of the piston node

Temperature of the surrounding structure

Temperature of the fluid node in valve volume one

Temperature of the fluid node in valve volume two

Temperature of the valve wall node

Heat transfer coefficient actuator walls to
atmosphere

Heat transfer coefficient valve walls to atmosphere

Heat transfer coefficlent actuator fluid to wails,
volume one

Heat transfer coefficient actuator fluid to piston
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Dimension
LB,,,/IN.3
LBy, /SEC

LB /SEC

WATTS/ IN%=<F%

IN.
IN.
IN.
IN.
°F

°f
o

°F
op
°F
op
°F
°F
°F

WATTS/,V2—°F

2

WATTS/IN"-°F

WATTS/IN2-°F

JATTS/IN2—°F




Variable

UA2D

UA2P

UFWIL

DT (VEL)
DT (VELO)
D(VMASS)
D(VOLUME2)
DT(VOL1)
DT(VCL2)
D(VOL3)
D(VTYPE)
DT (X)

Xv

Description

Heat transfer coefficient actuator fluid 2
to walls, volume two

Heat transfer coefficient actuator fluid 1 to
piston

Heat transfer coefficient actuator fluid in
valve to valve

Actuator Velocity

0ld actuator velocity

Valve wall mass

Total cylinder volume of actuator
Volume 1

Volume 2

Valve volume

Material type of the valve

Piston position

Valve position
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Dimension

WATTS/1N2—°F
e 2 o
WATES /INT-°F

" 2 o
WATTS /IN"-°F

IN/SEC
IN/SEC
LBp
IN.
IN.
IN.

IN.

IN.

IN.

S —

3

3

3

3




0.1U1.7 Subroutine Listing

SUBROUTINE TACT101 (0,0T,DD,L)
C ***RLVISLD JUNt, 1976 **x*

NS DIALNSION D(1),D7(1),0D(1),L(1)

£ COMHION /TRANS/P(300),0(300),C(300),TC(300},I4(300),TF(300),
"y + ACF(300),ACW(300),DXF(300),TInk,DELT, PI,NLINL, NEL

& COLION /COAP/LTYPL(99),NC(99),KTEMP(99), IND, ILNTR, INLL

COMJAON /STLADY/PN(90),0N(90),PLX(90),PDLEG(90),0QL(90),
i + QA,0S,71, PUP, PDOWN ,NNODL , NLEG,NCPN, TERI, LEGN, ICON, TNV,
i + INX,INZ,NUP(90),NDWN(90) ,NLLE:N(90),ILEGAD(90),TILEG(1000)

COMiON /FLUID/ATPRES,CF,CPFN, FTEAP, PROP(13,3)

DIMENSTON A(8,8),B(8)

INTAGLR ARLAL,ARLAZ,VOL]1,VOL2,SLOTW]1,SLOTW2
1,8LOTW3,SLOTW4,DAAP, X, PFORCE, FORCL, PP1P, PP2P
2,PPl,PP2,AnASS,VLL,VLLO,ASAV,ASAC, UAV, TA,TST
4,PTHICK, PHLIGHT,CCV,ACCV,SARLA, VOLUNE2, V2IASS
5,TFALl,TFA2,TVN, TCN, TDM,TPN,ASFV,VOL3, DELTAL,DELTAZ, DLLTA3

. 6 ,PTYPL,VTYPL,TVF1,TVF2,UA1P
c D ARRAY VARIABLLS

DATA ARcAl/6/,ARLA2/7/,VAASS/S/,AINST/ 28/ ,AXST/ 29/,

1 DALP/32/,SARLA/18/,SLOTW1/33/,SLOTwW2/34/,SLOTW3/35/,SLOTw4/36/,
2 AINL/30/,8AXL/3)/,INPOS/27/,ATYPE/Y/ ,VTYPL/3/,PTYPE/2/,

3 AUASS/4/,DLLTAY/9/,DELTA2/10/,

4 PTHICK/12/,°PBEIGHT/13/,DELLTA3/11/,A3AC/14/,

5 ACCV/15/,A3AV/16/,ASFV/17/,08V/21/,CCV/19/,PLRC/26/,

6 TST/22/,T7/23/,1TF/24/,1°C/25/,0A1P/20/,VOL3/8/,VOLUNL2/37/

C L. ARRAY VARIABLES
DATN NTAB/3/,1Y/4/,N0DLE/S/
C DI ARRAY VAKIABLES

DATA X/1/,VLL/2/,LOADZ/3/,LOADS/4/,PP1/5/,PP2/6/,
1 voLl/7/,v0oL2/8/,VLLO/9/,NCAV/10/,PP12/11/,PP2P/12/,
2 PFORCL/13/,FORCL/14/,LOADEX/15/
3 T™eaAl/16/,TFA2/17/,TVYN/18/,TCH/19/,TDN/20/,TPN/21/,TVFL1/ 22/,
4 TVF2/23/
DATA SIGHA/,349L-11/,SHAPF/.96/,EPSION/O.3/,Cd/R.85/
ATYPL IS TiL JATERRIAL TY?2L OF THL ACTOATOR
VOL3 Is5 0L VOLUitk IN T VALVE
D(SARLA) =TOTAL SUKRFACL ARLA OF B80TH FLUIDS TO ACTUATOR(VOL1+VOLZ)
D{RUCY) IS L COGRINLD DLASITY OF THbh CASE AND THE VALVE
D(ASAC) IS THL SURFACE ARLA BETwbEN THE ACTUATOR & THL AABIENT
D(ASAV) 15 THL SURFACL AREA BETYRLYN THE VALVE & THL AGBILNT
R(ACCV) I3 THL APLA OF CONTACT BETWEEN C+D & B
D(ASAC) Is THL SURFACEL ARLA OF ACTUATOR
D(ASAV) IS THE SURFACE ARLA OF THb VALVL
D(VTYPL) =VALVE 4ATLRIAL TYPL
D(DLLPAL)  =DISTANCEL FROA CONHNECTION 1 TO VOV
D(DLLYA2) =DISTANCL FROs COMNECTION 2 TO VOL2
D(DELLTA3) =DISTANCE FROs CONUJLCTION 1 TO VOL2 OR
FROA CHNILCTION 2 70O VOL1(AVERAGE OF BOTil OF THLSGE)
IF(IeNTR) 10030,2000,3000
k*x*% 1300 SLCTION

(@] QOO0 0O0N00O0 0
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6.101.7

(Continued)

1000 CONTINUE

60

70

D(VOL3)=D(VOL3)/4.0
D(ASFV)=D(ASFV)/4.0
D(ASAC)=D(ASAC)/2.0

DT('TVN)=D(1TC)

DT('TCN)=D(I'TC)

DI(IDH)=D(I'TC)

DT(TFALl)=D( I'I'F)

NT(TFA2)=D( I'TF)

DT{TPN)=D(ITF)

DT(TVF1)=D(ITF)

DT(TVF2)=D(ITF)

L1=L(1)

L2=L(2)

TF(L1)=D(IF)

TF(L2)=D(ITF)

TC(L1)=D(I'TC)

TC(L2)=D(ITC)
D(TST)=(D(TST)+460.)**4
IF(D(UALP).EQ.0.0) D(UALP)=.09
IF(D(UAV).L2.0.0) D(UAV)=,0069
IF(D(UAC),EQ.0.0)D(UAC)=,0069
ACTUATOR PARAMETLR INPUT
D(SLOTW1)=D(SLOTw1)*0.65
D(SLOTW2)=D(SLOTW2)*0.65
D(SLOTW3)=D(SLOTW3)*0.65
D(SLOTW4)=D(SLOTW4)*0.65

DT (LOADS) =(D(:1AXL)-D(@INL) )/ (D(AXST)-D(INST))
DT(LOADZ ) =D(WAXL)-DT(LOADS) *D(#AXST)
DT( FORCL)=DT(LOADZ) +DT( LOADS) *D( INPOS)
DT ( LOADEX)=ATPRLS* (D(AREA1)~D(AREA2))
DT(VELO)=0.0

DT(VEL)=0.0

DT(X)=D( INPOS)

L(IY)=(L(NTAB)+7)/8

L(IY)=41+L(TY)*8

L(NODE)=1

XV=D(L(IY))

DT(NCAV)=1.0
DT(VOL1)=D(AREAL) *D( INPOS)
DT(VOL2)=(D(®WAXST)~D(INPOS) ) *D(ARLA2)
DT ( PFORCE) =DT( FORCE) /D{ARLAZ)

IF(4XV) 60,70,380

DT(PP1P)=1/( (D({SLOTW2)*XV)**2*2)
DT(PP2P)=1/( (D(SLOTHI) *XV) **2%2)
L(NODL)=2

DT ( PFORCE)=DT( FORCE)/D(ARLAL)

GO TO 90

DT(NCAV)=0.0

GO TO 90
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6.101.7

c
C

80

an

* % %

2009

2550

2700

2750

2300

2850

2900
1950

(Continued)

DT(PPLIP)=1/((D(SLOTH1)*XV) **2%2)
DT(PP2P)=1/((D(SLOTW4) *XV) **2%2)

RLTURN

2000 SECTION

THL STLADY STATE SECTION

CONTINUL

IF(ICON,.LQ.2) GO TO 2750

IF(ICON.NL.1) GO TO 2900

IF(L(NODE).EQ.2) N5=-0S

N="1DWN ( INEL)

IE(DT(NCAV).EQ.0.0)G0 TO 2550
IF(DT(X).GT.D(AINST)) GO TO 2600

IF(QS.GT.0.0) 30 TO 2659

AN(N)=0,0

DT(PP1P)=Ql*10LE6

DT(PP2P)=N1%1016

DT(VLL)=0.0

IF(L(NODL).EQ.1) GO TO 2700

08=-0S

GO TO 2850

IF(DT(X) . LT.D(aAXST)) GO TO 2650

IF(0S.GT.0.9) GO TO 2550

IF(L(NODE).EQ.2) GO T0O 2800
ON(N)=-DT(CAV)*Q1*(D(AREAL)-D(ARLEA2))/D(ARLAL)
DT(VLLO)=DT(VLL)

DT(VLL)=01/D(AREAL)
IT(PFORCE)=(DT(FORCL)=PN(N)*(D(ARLAL)-D{AREA2)))/D(ARLA2)
S +)QS*D(DANMP)/D(ARLA2)

DT(PPLl)=PN(N)

DT(PP2)=PN(N)~DT(PFORCE)

PUP=PUP-DT(PPLP) *RHO(TF(L(ICON)),PUR)*QA*DA*)S
RLTURN

IF(DT(X) LL.D(uINST).OR,DT(X).GL.D(wAXST))GO TO 2960
PUP=PUP~-DI( PP2P) *RHO(TF(L(ICON)),PUP)*QA*QA* QS
POLLG(INEL)=~DT( PFORCE)

PUP=PUP+PDLEG(INLL)

RLTURN

05=-08

ON(N)==DT(NCAV)*Q1* (D(AREAL)-D(AREAZ))/D(ARLAR)
DT(VELO)=DT(VLL)

DT(VLL}==-21/D{ARI A2)
DT(PFORCE)=(~DPH(N)*{D{ARLA2)~D(ARLAL) )+DT(FORCEY)/D(AREAL)
S ~QS*D(DAAP)/D(AREN])

DT(PPZ)=PN(N)

DT(PP1)=PN(N)-DT(PFORCL)

PUP=PUP-DT(PPL?) *RHO(TF(L({ICON)),PUP)*QA*DA*QS
RLTUPH

WRITE(6,1950) IWD,ICON,INEL

FORAAT (5%, 7HCOuP NO,1I3,20H, BAS INVALID CON NO ,I3,
1 324, IN LEG NO ,I4)
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2960

2999

* k%

3000

3060

3070

3089

3090

3099

(Continued)

STOP 2101
PUP=Q1*10E6
TER1=PDOWN
DT(PP1)=PN(N)
DT(PP2)=PN(N)
WRITE(6,20999)

FORMAT (19X, 280THEL ACTUATOR Is BOTTOMED O

RETURN
3000 SECTION
CONTINUL

INITALIZING THEMPLRATURES

ITYPL=D(VTYPL)+,001
NTYPL=D({PTYPL)+,001
KTYPE=D(X5TYPL)+.001
CP=PROP(NTYPL, 3)
CW=PROP(ITYPL, 3)
CC=PROP(KTYPL, 3)
CV=PROP(KTYPL, 3)
RHOV=PROP(KTYPE, 2)
RHOC=PROP(KTYPL, 2)
RHOP=PROP{NTYPL, 2)
CPVN=PROP(ITYPt,1)
CPPN=PROP(NTYPE, 1)
CPCH=PROP(KTYPL,1)

PMASS=D(PTHICK)*D(ARLAY) *RHOP

DT(FORCE)=DT(LOADZ)+DT(LOADS) *DT(X)

L(H0DE)=1
DT(NCAV)=1,0

DT(PFCRCE)=DT(FORCE)/D(ARLA2)

CALL INTERP(TIWE,D(41),D(L(IY)),10,L(NTAB),XV,ILRR})

IF(ABS(XV).LE.0,001)X%XV=0.0

IF(XV) 3060,3079,3080

DT(PP1P)=1/{(D(SLOTN2)*XV)**2*2)
DT(PP2P)=1/((D(SLOTW3)*XV)**2*2)

L(NODE)}=2

DT(PFCRCE)=DT(FORCE)/D(AREAL)

GO TO 3090
DT{NCAV)=0.,0
DT(VLL)=0,0
GO TOQ 3090

DT(PP1P)=1/((D(SLOTW1)*XV)**2%2)
DT(PP2P)=1/((D(SLOTHA)*XV)**2*%2)

X0=DT(X)

DT(X)=DT(X)+(DT(VLL)+DT(VELQO))*DLLT/2.
CALL XLIMIT(DT(X),DT(VLEL),ASIGN,D(aINST),D(HAXST))

IF(DT(VLEL).EQ.0.0)GO TO 3099

DT(VOL1)=DT(VOL1)+(DT(X)=-X0)*D(ARLAL)
DT(VOL2)=DT(VOL2)-(DT(X)~-XO)*D(ARLAZ)

CONTINUE
L2=L(2)
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6.101.7 (Continued)

L1=L(1)
DO 3001 1I=1,8
DO 3001 J=1,8
A(I,J)=0.0
3001 3(1)=0.0
RHOIL=386.4*RHO(TF(LL),P(LL))
D1=DT(VOL1)/(DT(VOL2)+DI(VOL1))
D2=D1*DT(VOL?2)/DT(VOL1)
DXP=D(PHLIGHT)/4.0
DXV=D(DELTALl)/2.
DXC=DT(VOLL)/(2.*D(ARLAL))
DXD=DT(VOL2)/(2.*D(AREAL})
C INITIALIZING COsMnON FACTORS
FAASS=D(VOL3)*RHOIL/2.
CoiAS3=D(AASS) *D1
DAASS=D(ALASS) *D2
FAASS1=DT(VOLl)*RHUOIL
FMASS2=DT(VOL2)*RHOIL
ASCP=D(PTYICK)*(D(ARLAY)/D(PHLIGHT))
ASDP=A\SCP
ASAIC=D(SARLA) *D1
A3A2D=D(SAREA) *D?2
ACA1=DT(VOL1), D(PHLIGUT)
ACA2=DT(VOL2)/D(PHLIGHT)
ACC AND ACH ARE JUST b5TIMATLS OF CROSS SECTIONAL AREAS
ACC=DT(VOLl)/D(PHLIGHT)
ACD=DT(VOL2)/D(PHLIGHT)
ACV=D(ViIASS) / (RHOV*D(DELTAL) )
ACFV=D(VOL3)/(2.*D(DELTAL1))
AAA=D(VOL3)/(D(DLLTA1)*2,)
DON=3NRT(AAA*4,/PI)
LSTIAATLS CF ULAT TRANSFER COEFFICIENTS
UFwIL=URW{AAA,DDD,Q(LL1),TF(L1),P(L1))
UNZP=D(UA1P)
UA1C=D(UA1P)
UA2D=D(UALP)
UAC=D(UAY)
A2=D(UAV)*D(ASAV)
RAFLI=ABS(O(L1))*RUOIL
CIPl=SIGIAXSHAPF*LPSION*D(ASAV)
CIP2=SIGHA*EPSION*SHAPF*D(ASAC)
31=UAC*)(ASAC) *Dl
32=81*D2/D1
33=UA1C*ASAILC
B4=UN2D*ASA2D
R5=D(UA1P) *D( \RELAL)
36=UA2P*D(AREA2)
B7=UFWIL*D(ASFV)/2,
R1=1,0/(DXF(L1)/(ACN(L1)*C(L1))+DXV/(ACV*CV))
R2=1.0/(0OAF(L2)/(ACY(L2)*C(L2))+DXV/(ACV*CV))

(@]

(@]
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3030

3066

(Continued)

R3=1.0/(DXV/(ACV*CV)+DXC/(ACC*CC)+1./(D(ACCV)*D1*D(CCV))
R4=1.0/(DXV/(ACV*CV)+DXD/(ACD*CC)+1./(D(ACCV)*D2*D(CCV))
R5=CC/(DXD/ACD+DYC/ACC)
R9=1.0/(DXP/(ASCP*CP)+DXC/(ACC*CC))
R12=1,0/(DXP/(ASCP*CP)+DXD/(ACD*CC))
R15=CF/(DXF(L1)/ACF(L1)+DXV/ACFV+RMFL1*DELT

+ /(ACFV**2*xRHOIL))

IF(XV.tQ.0.0) RaFL1=0,0
RAFL2=ABS(Q(L2))*RHOIL

IF(xV.Q.0.0) R@FL2=0,0

RHOTL=386, 4*RHO(DT(TVFL1),P(L1))

IF(XV.GT.0.0) GO TO 3030

DCAPT1=0.0

DCAPT2=0.0

IF(XV.EQ.0.0) GO TO 3965
DCAPT1=(1l./RHOIL)*(P(L1)-DT(PP2))/(CI*CPFN*2,)
DCAPT2=(1./RHOIL)*(DT(PP1)~P(L2))/(CI*CPFH*2,)
A(S,5)=RAFL1I*CPFN

A(5,1)=-RIFL1*CPFN

A(2,4)=-RaFL2*CPFN

5{5)=RJAFLI*CPFN*DCAPTL

GO TO 3066
DCAPT1=1,/RUHOIL*(P(L1)~DT(PPLl))/(CI*CPFN*2,)
DCAPT2=1,/RHOIL*(DT(PP2)-P(L2))/(CI*CPFN*2,)
A(2,5)=-RIFL2*CPFN

A(4,4)=RIFL1*CPFN

A(4,1)=-RIUFL1*CPFN

B(4)=RMFPLI*CPFN*DCAPT1

CONTINUL
A(l,]1)=FilASS*CPFN/DELT+37+R154+RHFL1*CPFN
B(1)=FiASS*CPFN*DT(TVF1)/DELT+RMFL1*CPFN*(TF(L1)+DCAPT1)+
+ R1S*TF(L1)

A(1,3)=-B7

A(2,2)=FaASS*CPFN/DELT+37+RMUFL2*CPFN
3(2)=FAAS3S*CPFN*DT(TVF2)/DELT+RiFL2*CPFN*DCAPT 2% 2,

)
)

A( 213)="B7
A(3,1)=-87
A{3,2)=-87

A(3,3)=D(VHMASS)*CPVN/DELT+R1+R2+4A2+2,*B7
3(3)=D(VAASS) *CPVN*DT(TVN) /DLLT+RI*TW(L1)+R2* T ( L2) *A2#D(TA)
+ +CIP1*D(TST)~-CIP1*(DT(TVN)+460,) **4

A(3,6)=-R3

l’\( 3 ’ 7 ) =-R4
A(4,4)=FlASSI*CPFN/DELT+A(4,4)+B3+B5

A(4,6)=-33

A(4,8)=-BS5

3( 4)=F1ASS Y*CPFN*DT(TFA1l) /DELT+B(4)
A(5,5)=FuASS2*CPFN/DLLT+34+86+A(5,5)
A(S5,7)=-84

A(5,8)=-86
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(Continued)

3(5)=FiASS2*CPFN*DT(TFA2)/DELT+3(5)
A(6,3)=-R3

t\(6,4)=-33
A(6,6)=ClHASS*CPCN/DELT+R3+33+R5+31+R9
A(6,7)==-R5

A(6,8)=-R9
B(6)=CoASS*CPCN*DT(TCN)/DLLT+B1*D(TA)+CIP2*D1*D(TST)
+ ~CIP2*D1*(DI(TCN)+460,)**4
l\(7,3)=“R4

5M7,5)=-B4

A(7,6)==-R5
A{7,7)=DAASS*CPCN/DELT+R5+34+R4+R12+32
A(7,8)=-R12
B(7)=DAASS*CPCN*DT(TDN)/DLLT+32*D(TA)+CIP2*D2*D(TST)
+ =~CIP2*D2*(DT(TDN)+460,)**4
A(8,4)=-85

A(8,5)=-B6

A(R,6)=-R9

A(8,7)=-R12
A(R,8)=PIASS*CPPN/DELT+R12+R9+35+36
3{8)=PuASS*CPPN*DT(TPN)/DLLT

CALL SIOULT(A,B,8,IrRROR)

TF(L2)=8(2)

NDT(TVF1)=8(1)

DT(TVF2)=8(2)

DT(TVN)=B(3)

DT(TCN)=B(56)

DI(I'PN)=B(7)

DT(I'PN)=B(8)

DT(TFAL)=3(4)

DT(TFA2)=B(5)

TC(L1)=B(3)

TC(L2)=3(3)

RETURN

BIND
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6.102 SUBROUTINE ACT102

ACT102 simulates a basic utility actuator shown in Figure 6.102-1.
The subroutine allows the input of piston rod loads at zero and maximum
stroke. Srraight line interpolation is used between these two loads.

The subroutine calculates the actuator and piston wall temperatures,

and actuator fluid temperatures in Volume 1 and Volume 2.

Connection No. 1 Connection No. 2

No. 1 Volume

No. 2 Volume
GP14 07133

FIGURE 6.102-1
TYPE NO. 102 UTILITY ACTUATOR
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6.102.1 Math Model
The thermal math model for the actuator includes heat transfer to and
from two connecting line segments, one upstream and one downstream. Nine

nodes are considered: four f1luid nodes, four wall nodes, and one piston

node (as shown in Figure 6.102-2).

TW (L1) (TW(L2)

TF (L) TF (L2)

DT (TPN) DT (TOM)

DT (TCN) DT (TFA1) DT (TFA2)

FIGURE 6.102-2
ACTUATOR AND CONNECTOR NODE REPRESENTATION

GP77-0085-6

The temperatures of the upstream line segment, wall and {luid nodes
are denoteg by TW(L1), TF(L1), the temperatures of the actuator wall and
fiuid nodes are DT(TCN), DT(TDN), DT(TFALl), DT(TFA2), and the temperature

of the piston node is denoted by DT(TP’N). The downstream line seg-ent wall
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and fluid node temperatures are TW(L2) and TF(L2). This identifies
piston travel from lefr te right. Note that the piston can also
travel from right to left.

Then L1 and L2 would be reversed and the discussion to follow would
require reversing nomenclature.

Five heat balance equations are written to solve for the five
actuator temperatures just stated, using the actuator and line material
properties and dimensions, the atmospheric and structure temperatures
external to the actuator, and the temperatures of the line segment nodes,
TW(L1), TF(L1), and TW(L2). (Note: TF(L2) = DT (TFA2), see assumptions).

The first equation represents four modes of heat transfer relative to
the actuator fluid node in volume one (entrance volume).

1. Hesv transfer due to mass transfer into the actuator from the

upstream line segment
wCp* (TF(L1) - DT(IFALl))
where mCp is the volume flow rate coefficient and is equal to
Q(L1) * RHOLL * CPFN.
2. Conduction to and from the upstream line segment fluid node
R1 * (TF(L1) - DT(TFAl))
where R1 is the conduction coefficient and is equal to CF/(DXF(LL)/
ACF(L1) + DXA1/ACAl + ABS(Q(L1l) * RHOLL*DELT/(ACF(L2)**2%RHOIL).
3a. Convection to and from the actuator wall node
B3 * (DT(TCN) - DT(TFAlL))
where B3 is a convection coefficient equal to UALC * ASAlC.
3b. Convection to and from the piston node
B5 * (DT(TPN) - DT(TFAl))
where B5 is the convection coefficient and is equal to

D(UALP) * ASALP
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4, Heat addition due to a pressure drop experienced by the fluid as it
flows thru the actuator orifice. 1f the flow is into volume one, the
heat added is

Al * DCAPTL
where Al is equal to Q(L1)*RHOIL*CPFN and DCAPTl is equal to
1.0/RHOIL*(P(L1)-DT(PL1))/(CI*CPFN).
These heat transfer terms are then combined to produce the equation for

the heat balance for the actuator volume one fluid node.

%%%T * (DT(TFAl) - DT(TFAl)OLD) = ﬁCp * (TF(L1)-DT(TFAl)) + RLl*
(TF(L1)-DT(TFAL) )+B3* (DT (TCN)-DT(TFAL) + B5%(DT(TPN)-DT(TFAL))
+ Al*DCAPTL
The gecond equation represents two modes of heat transfer relative to the
actuator fluid in volume two.
la. Convection to and from the actuator wall node
B4 * (DT(TDN) - DT(TFA2))
where B4 is the convection coefficient for the fluid equal to
UA2D * ASAZ2D.
1b. Convection to and from the piston node
B6 * (DT(TPN) - DT(TFA2))
where again, B6 is a convection coefficient and equal to UA2P * ASA2P.
2. Heat added directly to the fluid due to a pressure drop across an
actuator orifice, (the exit).
A2 * DCAPT2
where DCAPT2 is equal to 1.0/RHOIL*(DT(P2)-P(L2))/(CJ*CPFN) and A2 is

equal to RMF (L1)*CPFN.
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These terms are then combined to produce the equation for the heat balance

for the actuator volume two fluid node.

MCP_ » (pT(TFA2) - -
e * (DT(TFA2) = DT(TFA2) g )

n

B4 * (DT(TDN) - DT(TFA2))

-+

B5 * (DT(TPN) - DT(TFA2)) (2)
+ A2 * DCAPT2
The third equation represents three modes of heat transfer relative
to the actuator wall surrounding volume one.
la. Conduction to and from the upstream connecting line wall node
R2 * (TW(L1l) - DT(ICN))
where R2 is the conduction coefficient for the walls equal to
1.0/ (DXF(L1) / (ACW(L1)*C(LL))+DXC/ (ACC*CC))
1b. Conduction te and from the actuator wall node surrounding volume two.
R8 * (DT(TDN) - DT(TCN))
where R8 is the conduction coefficient equal to CC/(DXD/ACD +
DXC/ACC) .
lc. Conduction to and from the piston node.
R9 * (DT(TPN) - DT(ICN))
where R9 is the conduction coefficient between the two nodes
equal to 1.0/(DXP/(CP*ACP) + DXC/(ACC * CC)), where the interface
conductance between the two nodes is infinite.
2a. Convection to and from the actuator fluid node in volume one.
B3 * (DT(TFAl) ~ DT(TCN))

and B3 is as defined previously.
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2b. Convection to and from the external atmosphere

Bl * (D(TA) - DT(TCN))
where Bl is a convection coefficient for the actuator wall equal to
D(UAC) * D(ASAC) * DVOLL. DVOL]l is a coefficient to calculate the
wall mass around velume one equal to DT{VOLUMELl)/ (DT(VOLUMELl) +
DT (VOLUME2)).
3. Radiation exchange with the surrounding structure
D3} % (DCIST) - (DT(TCN) + 460.)%)
where D3 is a radiation coefficient equal to SIGMA * EPSTON *
SHAPF * D(ASAC) * DVOL1
These terms combine to produce the equation for the heat balance
for the actuator wall node surrounding volume one.

MCp * (DT(TCN) - DT(TCN)
DELT

) = R2*(TW(L1)-DT(TCN) )+R8%* (DT (TDN)
— DT(TCN) )+R9* (DT (TPN)-DT (TCN))+B3*
(D(TA)-DT(TCN) )+D3*D(TST) -D3*
(DT(TCN)+460.,)%*4

OLD

where MCp is equal to CMASS * CPCN and CMASS is equal to D(AMASS) * DVOLL.
The fourth equation represents three modes of heat transfer
the actuator wall surrounding volume two.
la. Conduction to and from the downstream line segment wall node.
R3 * (TW(L2) - DT(TDN))
where R3 is a conduction coefficient equal to 1.0/(DXF(L2)/

(C(L2)*ACW(L2)) + DXD/(ACD * CD)).

(3)

1b. Conduction to and from the actuator wall node surrounding volume one.

R8 * (DT(TCN) =~ DT(TDN))

wirh: R8 defined previously.
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lc. Conduction to and from the piston node.
R12 * (DT(TDN) - DT(TDN))
where R12 is a conduction coefficient equul to 1.0/(DXP/(ACP*CP) +
DXD/(ACD * CD)) with the interface conductance being infinite.
2a, Convection with the actuator fluid node in volume two.
B4 * (DT(TFA2) - DT(TDN))
where B4 is the convection coefficient between the two nodes equal
to UA2D * ASA2D,
2b. Convection to and from the external atmosphere
B2 * (D(TA) - DT(TDN))
where B2 is the convection coefficient equal to Bl * DVOL2/DVOL1
with the terms defined previously and DVOL2 is a roefficient to
calculate the wall mass around volume two, equal to DT(VOLUME2)/

(DT(VOLUME1) + DT(VOLUME2)).

Y
(OS]
-

Radiation exchange with the surrounding structure.
D4 *(D(TST) - (DT(TDN) + 460.)%)
where D4 is a radiation coefficient equal to D3*DVOL2/DVOLLl, with
these terms def{ined previously.
These terms then combine to produce the equation for the heat Galance

for the actuatour wall node surrounding yolume 2.

1Cp B = -7 \ -
DELT(DT(TDN) DT(TDN)OLD) R3*(TW(L2)~-DT(TDN) )+R8* (DT (TCN)~DT(TDN))
f +B4* (DT (TFA2)~DT(TDN) )+B2%(D(TA)

=DT(TDN) )+D4*D(TST)=D4* (DT (TDN)+460.)

Kk

where MCp is equal to DMASS*CPDN and DMASS is equal to D(AMASS)* DVOLZ.
The fifth equation represents two modes of heat transfer to and

from the piston node.
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1. onduction to and from the two actuator wall ncdes, one and two
respectively.
a. R9 * (DT(TCN) - DT(TPN)) and
b.  RI12 *(DTCTON) - DT(TDN))
where R9 and R1Z are the same as defined previously.
2. Convection to and from the two actuator fluid nodes, one and two
respectively,
a. BS * (DT(TFA1l) - DT(TDN)) and
b. R6 * (DT(TFA2) - DT(TDN))
and B5 and B6 are the same as def ined previously.
These terms then combine to »roduce the equation for the neat
balance for the actuator piston node

MCp

* Al 1] TV Y
DELT (DT(TDN)~DT (TDN)

OLD) = R9 * (DT(TCH)~DT(TDN)+R12%
(DT (TDN)-DT(TPN))+B5% (DT (TFAL) (5)

- DT(TDN))+36* (DT (TFA2)--DT(TDN))
where MCp is equal to PMASS * CPPN,

A thermal model of the above heat transier terms for the Actuator is
shown in Figure 6.102-3. ©Equations (1) thru (5) are solved for the

appropriate temperatures.
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AI*DCAPT1 A2*DCAPT2
INLET MCp = = X1

FLUID FLUTD
TF(L1) DT (TFA1) DT (TFA2) TF(L2)=
MiCp MaCpy — T T T —— DT (TFA2)

K1
BS B6
/
@ DT (TPN)
B3 B4
R9 R12
]
DT (TCN) DT (TDN)
TW(L1)———— R2 McCp MDE;\AA R3 TW(L.2)
B1 B2~ MNCP = STORAGE
Ry = CONDUCTION
D(TA) .By = CONVECTION
N MCp = FLOW

D3 D(1ST) D4 Dy = RADIATION

‘ AN*DCAPTN = GENERATION

FTGURE 6.102-3
THERMAL MODEL
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In this hydrauiic math model, the external force due to atmospheric
pressure is
ATRESS* (D (AREAL) D (AREA2))
This value is subsequently used as part of the actuator load for any
pi:to position.
v total actuator load
DT (LOADEX) = OT(LOADZ) + DT(LOADS}*DT(X) + (D(AREALl) - D(AREA2))
*ATPRESS
A sign conven.ion is estal iished surb that flow into the Volume 1
chamber and resulting p iton velocity are positive.

A system node, N, is =<tablished i, the Volume 1 end of the actuator.

The simple unbalanced actu. tor represents a flow and pressure discon-
tinuity. T1n this case, the fiov out of th actuator is proportional to the
flow in, but d~es not equal it. The pseudc sverboard flow is the diffevence
between the inle: and outlet flow:. This flevr is added or subtracted to the
flow at the pressure node depending on the dirc tion of motion of the piston.
The associated pressure gradienc. 1s appl’ed to the leg connected downstream of
the actuator.

Overboard filow at the actuator node 15> calculated using the pistun area
ratio times the inlet actuator fiow

ON(N) = (-1.)*QA*QS* (D(AREA]1)-D(AREA2)) /D(AREAL)

The pressure gain or loss across the piston is calculated using the

force balance equation
DT(DELTP) = LS*(PN(N)*(D(AREAl) - D(AREA2)) - DT(LOADE.) - QS*

D(DAMP)) /D(AREA2)

6.102-10




5

6.102.2 Assumptions

1. The temperature of the fluid leaving the actuator is ecqual
to the fluid node temperature calculated, DT(TFA2).

2. Each entire actuator wall is at the same temperature.

3. The interface conductance between the actuator walls and the
line walls is infinite.

4, The emissivity of the wall materials is a constant.

5. The atmospheric and structure temperatures remain constant.

6. Complete fluid mixing occur in the fluid volume.

6.102.3 Computational Methods

SECTTON 1000
The fluid and wall temperatures are initialized, the external structure
temperature is changed {rom degrees Farenheit to Rankine and raised to the

fourth power, and the default values are assigned.

SECTION 2000 -~ The entry first determines whether connection No. 1 is attached

to an upstream or downstream line. This establishes the actuator steady state
mode of operation. 1If entry is made using connection No, 2, leg pressure
pair (or loss) and leg laminar constant are updated. Pressure at connecticn
No. 2 is also calculated and stored. If entry is made using connection No. 1,
tests are performed to verify that the piston is free to move as prescribed by
the flow guess.

If the piston is on a stop and the flow guess is such that motion would
be into the stop, cthe node overboard flow is set to zerc and DT(DELTP)
is set to a very large number,

If the piston is free to move, the overboard flow, piston velocity, AP

across piston and pressure at connection No. 2 are calculated.
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SECTTON 3000
The position of the actuator piston is computed via a simple integration
DT(X) = DT(X) + (DT(VEL) + DT(VELO)) * DELT/2.
The cvlinder volumes are easily calculated as

D™ (VOL1)

i

DT(VOL1) + (DT(X)-X0)*D(AREAL)

o

PT(VOL2) DT (70L2) - (DT (X) -XO0)*D(AREA2)

rroperty values are assigned. Dimensions and coefficients are
calcalated. The flow direction Is determined. (The program is set up with
the flow entering connection line one (L1) and leaving thru connection line two
(L2). During the calculation the flow direction is checked. 1f the flow
has reversed flow direction, the program reassigns connection numbers so
that the flow still enters connection line one). Some coctiicients are then
recalculated if the flow is reassigned. A 5x5 matrix is loaded and the
mathematical equations are solved for DT(TFAl), DT(TFA2), DT(TCN), DT(TDN)
and DT(TPN) and stored in the B computational array. The calculated values are
assigned 10 their proper storage locations and the boundary conditions are
assigned to arra s (TC and T¥) in common /TRANS/.

TC(LL) = B(3)

6.102.4 Approximations

(a) Emissivity of the actuator is .3, which is the emissivity ot steel.
(b) Areas and distances are approximated.
6.102.5 Limitations

Not applicable.
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AC)
ACAl
ACA2
ACC

ACD

ACP

D (AMASS)
D (AREAL)
D (AREA2)
D (ASAC)

ASAlC

T

ASALP
ASA2D
ASA2P
ASCD
ASCP
ASDP
D(ASFA)
ASTIGN
D (ATHICK)
Al

A2

B()

BUZ

6.102.6 Variable Listing

Variables

Description

Computational array

Cross sectional area

Cross sectional area

Cross sectione area

Cross sectional a1 2a

Cross sectional ar «a

Actuator mass

Volume 1 pi.ton are:

Volume 2 pistch arca

Surface

Surface

Surface

Surface

Surface

Contact

Surface

of fluid 3
of flufd 2
-f case 1
of case 2

of tnae piston

area ¢xternal t. actuator

area

area

area

area

area

area

fluia 1

fruia 1

fluid 2

fluia 2

betacen

to case 1
to pilston
to c(ase 2
to piston

two actuator wall nodes

case, Volume 1 to piston

o

Surface area case, Volue 2 to piston

Total internal surface area, fluid to actuator

Dummy variable

Actuator wall thickness

Dummy variable

Dummy variable

Computaticnal array

Dummy variable

6.102-13
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2]

IN.

[

IN.
IN.
IN.
LB

IN.

]

IN.
n.2
IN.
N.
IN.2
IN.2

IN.
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Variables

B1,B2,B3,B4,B5,B6

cc

Cb

cJ
CMASS
cp
CPCN

CPDN

CPPN

D (DAMP)
DCAPT1
DCAPT2
D(DELTP)
D(DIA)
DMASS
DVOL1
DVOL2

DXAlL

DXA2

DXC

DXD

DXP

Descript ton
Dummy variables

Thermal conductivity of the actuator
wall surrounding volume one

Thermal conductivity of the actuator wall
surrounding volume two

Mechanical equivalent of heat

Node C mass

Thermal conductivity of the piston
Specific heat of the wall mass around

volume one

Specific heat of the wall mass around
volume two

Specific heat of the piston

Dynamic friction

Temperature change due to pressure drop
Temperature change due to rressure drop
Actuator pressure drop

Piston rod diameter

Node D mass, around volume two

Dummy variable

Dummy variable

Distance, node to interface, Volume 1
to Line 1

Distance, node to interface, Volume 2 to
Line 2

Distance, node to interface, node £ to
interface with D

Distance, node to interface, node D to
interface with C

Distance, node to interface, piston to case

6.102~-14

Dimensions

WATTS/IN=°F

WATTS/IN=°F

IN-LBg/WATTS-SEC

LBy,

WATTS/IN.=-°F

WATTS-SEC/LByp~°F

WATTS-SEC/LBm-"°F

WATTS-SEC/LBy-°F
LBg
°F
°F
PSI

IN.

IN.
IN.

IN.

IN.
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Variables

D3, D4
EPSION
FAIM
FA2M
IR, 1S
D(ITC)

D(1TF)

KTYPE
DT(LOADS)
DT (LOAD?7)
D(MAXL)
D(MAXST)
D(MINST)
D(MINL)
D{MTYPE)
NTYPE
D(PHEIGHT)
PMASS
D(PTHICK)
D(PTYPE)
RHOC
RHOIL
RHOP

RMS

RQ

Description

Dummy variables

Emissivity factor of the case
Fluid in Volume 1, mass

Fluid in Volume 2, mass

Dummy variables

Initial temperature of the case

Initial temperature of the fluid

Dummy variable
Load/stroke slope
External load at piston stroke
Load at full stroke
Maximum actuator stroke
Minimum actuator stroke
Load at minimum stroke
Actuator material type
Dummy variable

Piston height

Piston mass

Piston thickness

Piston material type
Actual metal density
Fluid density

Piston metal density
Fummy variable

Dummy variable

6.102-15

Dimens {ons

LBy

I,lirn

°F

°F

LB/IN
LB.
LB.
TN.
IN.

LB.

IN.

LB,
IN.




Variable

R1,R2,R3,R0,R12

SHAPF
S1GMA
D(TA)
DT (TCN)
DT(TDN)
DT (TFA1)
PT(TFA2)
DT (TPN)
D(TST)

D(UAC)

UAD

UAIC

D (UALP)

UAZD

UAZP

DT (VEL)

DT (VELO)

DT (VGLUMEL)
DT(VOLUMEZ)
D(VOLL)
D(VOL2)

DT (X)

X0

Description
Dummy variables
Shape factor case to structure
Stefan-Boltzmann radiation constant
Temperature of the surrounding ambient
Actuator wall temperature, Volume 1
Actuator wall temperature, Volume 2
Fluid temperature, Volume 1
Fluid temperature, Volume 2
Piston temperature
Temperature of the surrounding structure

Heat transfer coefficient external
to case C

Heat transfer coefficient node D
to atmosphere

Heat transfer coefficient fluid 1 to
case C

lHeat transfer coefficient fluid 1 to
piston

Heat transfer coefficient fluid 2 to
case D

Heat transfer coefficient fluid 2 to
pisten

Actuator velocity
Dld velocity
Actuator Volume 1
Actuator Volume 2
Volume 1 (initially)
Volume 2 (initially)

Actuator position

0ld actuator position
]

For variables in common refer to Paragraph 3.3.

A i T . T TS p— WA
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Dimensions

NATTS/IN3—°F
op
op
°F
op
op

OF

OF

WATTS/IN2-°F
WATTS/ IN2-°F
2
WATTS/INT=-°F
" 2 6
WATTS/IN"=-°F
2,
WATTS/IN™=°F
- 2 o
WATTS/IN"=°F

IN/SEC

TN/SEC

[N3

TN3

IN3

IN3

IN.
IN.



6.102.7 Subroutine Listing

SU3ROUTINL TACTIO2 (D,DT,OD,L)

C *** RLVISLD AUG 1976

(@]

(@]

NGOOOO0O0n

(@]

NDIMENSTION D(1),DT(1),DN(1),L(1)
COnciON /TRANS/P(300),2(300),C(300),TC(300),Tw(300),TF(300),

+ ACF(300),ACW(300),DXF(300),TIuL,DLLT, PL,NLINL,NLL

CCuiziON /COWP/LTYPL(99),NC(99) ,KTLAP(99), IND, ILNTR, INEL
CO4ON /STRADY/PN(90),0N(90),PEX(90),PDLEG(90),0L(90),

1 NA,72S,01,PUP, PDOWN,NNODL ,NLLG,NCPN, ThRil, LEGN, TCON, INV,

2 TaX, IUZ,NUP(90) ,NDWN(90) ,NELE(90),ILLGAD(90),ILEG(1000)
COION /FLUID/MTPRES,CF,CPFN, FTRUP, PROP(13,3)

DIMENSION RaF(6),A(5,5),3(5)

INTEGER VOL1,VOL2,ASAC,UAC,DIA, PHEIGHT, TA,TST,TCN,TDN,

1 TPN,TFAl,TFA2,I'CC, ICF,PTHICK,AHASS,ATHICK,ASFA, VELO,
2 AREA]1,AREA2,P1,P2,MTYPL,PTYPL,UALlP, DANP, X,

3 29,VLL,DELTP, VOLUMEL, VOLUE 2

D ARRAY VARIABLES

DAFA VOL1/1/,VOL2/2/,ARUAL/3/,ARLA2/4/,4TYPL/5/,PLYPL/ G/
1 ,AsASS/7/,ATHICK/8/ ,ASFA/9/, PHiLTIGHT/10/,PTHICK/11/,DIA/12/
2 ,ASAC/13/,UAC/14/,UA1P/1S/,TS8T/16/,TA/17/,1TF/18/,11C/19/
3 ,0INST/20/,:0AXST/21/,0A:40/22/ ,4INL/23/ ,AAXL/ 24/ ,INPOS/ 25/

DA'TA TCN/1/,TDN/2/,5iPN/3/,TFAY/4/,TFA2/5/,P1/6/,
1 92/7/,%/8/,VLL/9/,LOADZ/10/,LOADS/11/,2Q/13/
2 ,LOADEX/12/,INuNT/14/,0LLTP/15/,VOLUNLL/16/,VOLUGL2/17/
3 ,VELO/18/

DATA SIGUA/.349L-11/,SHAPF/.96/,LPSICN/.3/,C]/8.85/
IF(ILNTR) 1000,2000,3000

ATHICK =ACTUATOR WwALL THICKNLSS

ALIASS =ACTUATOR +ASS, IACLUDING PISTON

ASFA =SURFACE ARLA FLUID TO ACTUATOR, INSIDL
DELCS =DIAENSIONS OF THL RESTRICTOR

PTHICK =%tHICKNESS OF THL PISTON

DIA =DIAALETER OF TdAbL PISTON

UAC =HLAT TRANSFER COEFF. CASSE TO AUBIENT
ViL =VLLOCI'PY OF Tdbl PISTON

1000 SLCTION

CONTINUE

L1=L(1)

L2=L(2)

INITALIZING TRAPLRATUKLS

TC(L1)=D(ITC)

TC(L2)=D(I'TC)

TF(L1)=D(ITF)

TF(L2)=D(ITF)

DT(TCN)=D(ITC)

DI(TDN)=D(ITC)

DT(TPN)=D(ITF)

DT(TFAl)=D(ITF)

DT(TFA2)=D(I'TF)

D(TST)=(D(PST)+460.)**4
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6.102.7 (Continued)

KTYPL=D(ATYPL )+, 001

NTYPL=D(PTYPL)+.001

CP=PROP(NTYPL,3)

CC=PROP(KTYPL, 3)

CPPN=PROP(NTYPL, 1)

CPCH=PROP(KTY"L, 1)

RHOP=PROP(NTYPL, 2)

RHOC=PROP({KTYPL, 2)

Ch=CC

CPDN=CPCH

DT{JvLL)=0.0

IF(D(UAL1P).EQ.0,0) D(UALP)=,0063

IF (D(UAC).LO.0.0) D(UAC)=.0053
D(AIASS)=D(AJMASS)-D(AREAL) *D( PTHICK) *RHOP
D(ASAC)=D(ASAC)/2.0

L(3)=1

DT(VOLUdL1)=N(VOL])

DT(VOLUME2)=D(VOL2)
IP(L(1)/2.0L.(L(1)+1)/2) L(3)=-1

L(4)=-1

IP{L{2)/2.NL.(L(2)+1)/2) L(4)=1
DT(DLLIP)=0.0

DT(X)=D(INPOS)
DT(LOADS)=(D(AAXL)=D(wmINL) )/ (O(clAXRST)-D(.1INST))
PT{LOADZ)=D(vAXL) ~DT(LOADS) *D(1AXST)
DI(LOADEX) =D (LUOADS) *DT(X)+DT(LOADZ)+(D(AREAL)-D(ARLA2))
+ *ATPRLS

RLTURH

C ***x 2000 SECTION

2200 CONTINUL

LS=L( 24+ICOn)

N=11DwWN({ IJLL)

IF(LS.GT.0) 30 TO 2510
IF(INX.NL,1.AND,ICON.EQ. 1) GO TO 2900
N=NUP(IWNLL)

2519 IF(ICOwN.LD,2) SO 1D 2850
IF(DT(X).GT.D(viINST)) GO TO 2600
IF(DT(LOADLX).GL,0.0) GO TO 2550
IR(DE.GT.N.0)Y GO T 2680

2550 NN(N)=0.,0
DT(LIOADLX)=0.1
DT(VLL)=0.0
DT(DLLTP)=N1*iNL6
GO I'm 2700

2500 IF(DD(X).LT.D(AAXST)) GO 10O 2650
IF(DT(LOADLX) . LL.0O,0) GO TO 2550
IF(0S5.G7T.0.0) GO TO 25580

2650 CONTINUL
DT(VELO)=DT(VLL)
OMN(N)=(=-1.)*Q1*(D(ARLAYL)~D(AREA2))/D(AREAL)
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N~ =

6.10

GO0

2.7

2700

2350

2950

2900
3000

3001

3003

(Continued)

DT(VEL)=01/D(ARLAL)

DT(DLLTP)=( PN (N)*(D(AREAL1)-D(AREA2))-DT(LOADEX)~
+ AS*D(DAMP) ) /D(ARLAZ;

DT(P1)=PN(N)

DT(P2)=PN(N)+DT(DELTP)

RLTURN

IF(INX.EQ.1.,AND.LS.EQ.~-1) GO TO 2900
IF(DT(X).GE.D(AXST).OR,DT(X).LE.D(WINST))GO TO 2950
PDLEG(INLL)=DT(DLLTP)*LS

PUP=PUP+DT(DELTP)*LS

RETURN

PUP=+Q1*11NL6

TLRA=PDOVN

DT(P2)=PN(N)

RETTRN

STOP

CONTINUE

KTYPL=D{ATYPE)+.001

NTYPE=D(PTYPL)+., 001

CP=PROP(NTYPL, 3)

CC=PROP(KTYPL, 3)

CPPY=PROP(NTYPL, 1)

CPCN=PROP(KTYPL, 1)

RHOP=PROP(NTYPL, 2)

RHOC=PROP(KTYPL, 2)

CD=CC

CPDN=CPCN
DT(LOADEX)=DT(LOADS)*DT(X)+DT(LOADZ)+(D(AREAL)-D(ARLA2))
+ *ATPRLS

DT(X)=DT(X)+(DT(VLL)+DT(VELC) )*DELT/2,

CALL XLIWIT(DT(X),DT(VLL),ASIGN,D(INST),D(MAXST))
IF(DT(VEL).LQ.0.0) GO TO 3001

DT (VOLUME>)=DT(VOLUMEL)+DT(X)*D(AREAL)
DT(VOLUNME2)=DT(VOLUME2)-DT(X)*D(AREA2)

L2=L(2)

L1=L(1)

RHOIL=386,4*RHO(TF(L1),P(L1))
DXA1=D(PHKIGHT)/1,33

PYA2=DXA1

DXP=D(PHEIGHT)/4.0

A3A2P=D(AREA2)

ASA1P=D(AREA])
ASCP=D(PTHICK)*(D(AREAL)/D(PHEIGHT))

ASDP=ASCP

ACF(L1)=CROSS SLCTIONAL AREA 3CTWEEN FLUID AlgLl
ACC&ACD=ESTIIIATLS OF CROSS SECTIONAL AREAS, ALSO
CONTACT AREA BETWEEN C&D
BUZ=(D(AIASS)/RHOC)/(D(ARLAL)/DT(VOLUMEL)+D(AREA2)/DT(VOLUHL?2))
ACC=BUj2

AC1=BUZ
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6.102.7 (Continued)

UA2P=D(UALP)
UALC=D(UA1P)

UA2D=D(UA1P)

UAD=D(UAC)
DVOLI=DT(VOLUNEL) /(DT (VOLU.IL 1) +DT(VOLUi2))
NVOL2=0VOL1*DT(VOLUIL2) /DT{VOLUAEL)

3006 C.AAS3=D(AGASS) *DT(VOLUMEL)/(DT{VOLUML1)+DT(VOLUNL2))
DIASS=D(AJIASS) *DT(VOLUNAE2) /(DT(VOLUNEL)+DT(VOLUWLL2))
PHASS=(D(ARLAL) *C(PPHICK)+(D(ARLA2)~D(AREAL))*D(DIA)

+ /4.,0)*RHOP

FALA4=DT(VOLUME]D ) *RIOIL

FA2(1=DT(VOLUME2) *RHOIL

RO=Q(L1)

ACP=PiiASS/ (RUNP*D( PHL IGHUT) )

ASALIC=D(ASFA) *DT(VOLUME]L) /(DT (VOLULL) +DT(VOLU~NL2))
ASA2D=D(ASFA) *DT(VOLUAE2) /(DT (VOLUIEY ) +DT{VOLUiL2))
ASCD=ACC

DXC=DT( /CIUMLL) /(2. 0*D(AREAL))
DXD=DT(VOLUaE2)/(2.0*D(ARLA2))
2C31=DT(VOLU.IL1)/D(2HEISNT)
ACA2=DT(VOLIiL2)/D(PHLIGIHT)

ESTIGATLS OF HLAT PTRANSFLR COLFF,

QLLAR=0,0

RAIF( L1)=Q( [Jl)*RHOIL

A2=A35(RaF(L1))*CPFN
RI=CF/(DXF(LV)/ACF(L1)+DXA1/ACAL+A3S(ROF(LY1))*DLLT/(ACF(L1)**2
+ *RUOIL))

IF(C(L}).LT.0.0) RUF(LL)=0,0

RaF(L2)=9(L2)*kHOIL
R6=CFP/((CXF(L2)/ACF(L2))+DXA2/ACA2+ABS(RIF(L2))*DLLT

+ /{ACF({L2)**2*RHOIL))

IF(D(L2).LT.0,0) RAF(L2)=0.0
D3=SIGIA*LPSTION*ZHAPF*D(ASAC) *DVOLL

N4=D3*DVCL2/DVOL1

A1=CPFN/TTak

3033 21=D(UAC) *D(ASAC) *DVOLI
32=01*%DVIL2/DVOLL
33=0A1C*ASALC
34=UA2D*ASA2D
35=D(UA1P)*A5ALP
B6=UA2P*ASA2P
R2=1,0/(DXP(LL)/(C(L1)*ACw(L1))+DXC/(ACC*CC))
R3=1,8/(DXF(L2)/(C({L2)*ACWH(L2))+DXD/(ACD*CD))

R3=CC/ (DXD/ACH+DIXC/ACC)
RI=1,0/({DXP/{CP*alP)+DXC/(ACC*CC))
K12=1./(DXP/(ACP*CP)+DXD/{ACD*CD))
IF(O(L1).LT.0.0) R1=0.,0
IF(Q(L1).GT.0,0) RG=0,0

C CALCULATING TLSPLRATURL DISTRIBUTION

13=L1

O
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6.102.7 (Continued)

IR=L2
DCAPTL=(1./RHOIL) *ABS(P(L1)=DT(P1))/(CI*CPFJ)
J DCAPT2=(1./RHEDIL) *ABS(DT(P2)-P(L2))/(CJI*CPFN)
IF(Q(L1).GL.0.0) GO TO 3100
L2=L1
LI=L(2)
15=L2
IR=L1
DCAPT2=(1./RHOIL)*A3S(P(L))~DT(P2))/(CI*CPFN)
DCAPT1=(1./RHOIL)*ABS(DT(PL)~-P(L2))/(CJI*CPFN)
3100 CONTINUL
C Al1,A2,C,D,P NODL3 IV OKRDER
3200 A(1,1)=(FALA*CPPN)/DLLT+R1+ReF(13) *CPRN+B5+33
A(1,2)=0.9
A(ll3)=—33
A(1,4)=0.0
A(l,5)==-35
3(1)=FALA/DELT*DT(TFAL) *CPEN+( R1I+ReiF(IS) *CPEN) *TF(L1)
+ +A2*DCAPT]
A(Z2,1)=0.0
A(2,2)=(FA2.1)*CPFN/DLLT+RG+RF(IR) *CPFN+36+34
A(2,3)=0.0
A(2,4)=-34
A(2,5)=-86
3(2)=CPFN*FA2M*DT(TFA2) /DELTH(R6+RiF(IR)*CPFN) *TF(L1)
+ +A2*DCAPT2
A(3,1)=-33
A(3,2)=0.0
A(3,3)=(CiASS) *(CPCH/DLLT)+R9+33+31 +.8+R2
A(3,4)=-R8
A(3,5)=-R9
B(3)=(CHASS)*DT(TCN) *CPCH/DELT+31*D(TA)+D3
+ *D(TST)-D3*(DT(TCH)+460,) **4+R2*Tw(15)

o

A(4,1)=0.0
A(4[2)='84
A(4[3)="R(3

A(4,4)=(DuASS)*(CPOI/DLLT)+R3+112+3443 2433
A(4,5)=-R12

B{A4)=(DudASS)*(CPON/DLLTY*DT( I'DN)+32*D(TA)+D4*D(TST)
+ =DA4*(DT(LION)+460,) **A+R3*Tw( IR)

A(5,1)=-35
A(S5,2)==-36
A(5,3)=-R9
A(5,4)=-R12

A(5,5)=PiIlASS*CPPH/DLLT+RI+IS+R]1 2+ 36
B(5)=PAASS*CPPR*DT( IPU) /DELT

CALL SI.IULT(A,3,5, ILKRROR)
IF(RQ.LE.N,0) 30 TO 3250
TC(L1)=B(3)

TC(L2)=3(4)
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6.102.7 (Continued)

TF(L2)=3(2)
GO TO 3390
3250 Tr(L2)=3(1)
TC(L1)=3(4)
TC(L2)=8(3)
3350 DT(TCU=B(3)
DT(TDu)=B(4)
DT(TFN)=3(5)
DT(TFALl)=3(1)
DT(TFA2)=3(2)
RE T'IRN
END
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7.0 OUIPUT SUBROUTINES

The output subroutines comprising, TSTORE, TGRAPH and SCALED are
currently dedicated to producing print plots of the data calculated by the
program.

Current options allow maximum or minimum calculated values to be
substituted for plot values in event these max or min values occurred
between plot intervals. This assures that the max or min values calculated
are reflecced in the output plots. Another option allows tabulation of all

calculated values for each plot variable

700—1




g=usy

7.1 SUBROUTINE TSTORE

Subroutine TSTORE, which is called by THYTR, reads output requirements
and storcs data required for output plots, and prints an index of all the
plots.

7.1.1 Math Model

Not applicable.
7.1.2 Assumptions

Not applicable.

7.1.3 Computation Methods

Section 1000

Section 1000 reads in all the plot information for line and component
plots.

Section 3000

This section first performs a test to determine if the current time
step is also a plot time, if so line or component data is stored. 1If it is
not time to store but the MAX/MIN option has been exercised, tests are made
to determine if the current calculated value is less than or greater than
(depending on which option was exercised) the previous value stored, if so
the stored value is replaced by the current calculated value. If the LIST
option has been exercised every calculated plot variable is printed. Once
all or a max of 101 points have been stored, TGRAPH is called to plot the
points. A test is then performed to determine if more than 10l points are
to be plotted, if so the additional points (up to 101) are calculated and
stored as before. TGRAPH is again called to plot these points. This

procedure is repeated until all points have been plotted.
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7.1.4 Approximations

Not applicable.

7.1.5 Limitations

Not applicable.

7.1.6 Variable Listing

Variable

1

INDEX

IPLT

IPTS
J

LIST

LPT

MXTREM
N

NABSQ

NISTEP
NLPLTC
NOGRAT
NOMSG

NOSTOP

NPT

Description

Counter

Line Number Associated with Pressure

Flow Plots

Number of Plots

Required along line INDEX

Dummy Variable

Counter

and/or

Input Integer Value 0 (No List) of 1 (List

of all Points

Coded Inpur 1
2:
53 =
4
5
Counter

Dummy Variable

Counter

Input Integer 0 = Normal Graphs
= Prints Magnitude

=
!

Counter

Number of Line Plot Points

Not Used
Not Used
Not Used

Dummy Variable

7.1-2

= Pressure

Flow

Component Temperature
= Fluid Temperature

= Wall Temperature
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7.1.6 {Continued)

Variable

NXTREM

N1

YY( )

Descrigcion

lnput Integer Value 0 (Normal Plot),
+1 (Plot with Max Values) or -1 (Plot
with Min Values)

Counter

Dummy Variable

Array Used to Store Line Positions of
Required Plots

7.1-3
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7.1.7 Subroutigg’Listing

SU3SRMJTINL T3TORL
Ch*xxdx RELVISLD AUGUST 5, 1975 **xx%
CO.LINN DU(3500), VSTORL( 1)
COION /' PRANS/P(300),70(300),C(300),TC(300),TW(300),TF(30C),
+ ACF(300),ACW(300),DX?{(300),TIunk, DeLT,PI,NLINL,NLL
COMANN /LIGIT/aNLINE, INLL, ANLEG, GONNODL , siNPLOT, ANLPTS, wDS
COMION /LINL/PARm{150,4),TLW(Z000),TLF{2000),LSTART(150),
+ NLsLUG(150)
S CCULa0N /COOP/LEYPL(99) ,NC(99) , KTLiP(99), IND, IENTR, THLL
COuiON /PLOT/TITLL(20), PLTDLL,NPP3, IPOINT, ISTLP, TFINAL,NLPLT(61,3)
+ ,NA3ISD, NTOPL,NTOLPL
DIALAST 2 YY(10),DD(1400), I'PT'PLE(40),IN(4N),IY(40),IIC(40),IC(40),
1ITITIPLLL40),ICHAR(LI2),ICI(40)
COGMON/C0PD/D(4500),L(1500),LE(99,4)
LOJIVALLNCL(DD(1),D(1))
DATA ICHAR/GIILINL, ABUPS , 4HCOMP,4dVAR ,2H P,2H O, 2HTC,
+2HTF, 20809, 28, 4HDNS 14 /
IF(ILNTR) 1009, 1000,3000
1900 COJTINGE
IpT=
NISTLP=9
ITLR=0
IPTS=PTS
IF(NPT5.5T.101) NPPs=101

NTOLPL=9
ke AD(5,103) NLPLTC, 3TLLPL,NXTRLY, LTST, NOSTOPR, NOM3G, HOGRAF,NA2S)
173 FORJAT(8IS)
IF(ALPLTC.LN.0) GO TO 142
20 149 I=1,NLPLTC
RLAD(S5,179) INDEX,IPLT,(IY(wm),m=1,IPLT)
109 FCRLAT(161I5)
DO 13n .i=1,IPLT
LPT=1Y ()
LAC=2*TANLX~1
If(LPT.LL.O)LOC=2*TNDLX
NTOLPL="1TOLPL+1
LOC - ADDRESS OF VARIABLE IN P,0,TC,TwWw OR TF ARRAY
IIDLX - LI IL NUaBLR
LPT -~ CONLD INPOT
JLPLT{NTCGLPL, 2)
NLPLT(NTILPL, 3)
NVLPLT(NTOLPL, 1}
130 CONPINOUL
140 COMNTINUL
142 CORDTINUL
NTOPL=NTOLPL+NTLLPL
IF(NPOLPL.GT.. ANPLOT) NTOLPL=INPLOT

OO

TIDLXK
LPT
LocC

woun

IP(NTELPL.LQ.O) GO TO 144
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143
144

1150

1160
1179

1180
1200

3000

~

(@

2905
2019

2020

2901

2902

2903
2994

2905

(Continued)

READ(S5,143) ((NLPLT(1+NTNOLPL,?2),NLPLT(I+NTOLPL,3)),I=1,NTLLPL)
FORMAT(16I5)

CONTINUE

IF(NTOLPL+NTELPL.GT.oiNPLOT) NTELPL=uNPLOT-NTOLPL
IF(NTOLPL+NTLLPL.NE.NTOPL) WRITE(6,529)
NTOPL=NTOLPL+RTELPL

IF(JTELPL.ENR.O) GO TO 3000

LPT=NTOLPL+1

DO 1200 I=LPT,NTOPL

NPT=NLPLT(I,2)

N =NLPLT(I,3)

IF(N) 1150,118%0,1160

N1=~ILbE(NPT,3)+N+1

50 TO 1170

N1=LE(MPT, 2)+N-1

NMLPLT(I,1)=H1

GO0 TO 1209

YLPLT(I,1)=1

CONTI VUL

CONTINUE

IF(ISTLPLLQ.NISTLP) GO TO 2010
IF(NXTREA.EQ.O.ANDLLIST.EQ.0) RETURN
M XTRLA=NXTREG

50 TO 2020
NISTLP=JISTEP-TPOINT

AXTRLA=0

IPT=1IPT+]

NISTEP=ISTLP+*IPOINT
VSTOREL(IPT)=TIuil

MpT=1PT

11=0

DO 2200 I=1,NTOPL

NPT=1IPT+NPTS5

N={LPLT(I, 1)
NN=TIABS(NLPLT(I, 3))
IF(I.GT.NIOLPL) GO TO 2050

50 TO(2901,2992,2903,2904,2905) N
T=P ()

GO T0 20840

Y=0(N)

IF(WLPLT(I,3).GT.0.0) Y==-0(N)
GO THO 2080

Y=TC(M)

30 T9D 2980

Y=TF(N)

G0 TO 2930

Y=TW(N)

GO TO 2080

7.1-5
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7.1.7 (Continued)

2050 1 63, 215y,20790
2060 Y
2079 ¥Y=D(L)
2080 IF(aXTRLs)2090,2085,21N00
2085 TF{ISTLP+IPOINT.LQ.NISTEP) GO TO 2110
GO TO 2130
2000 IF(VITIRL(IPLY).GT.Y)Y GO TO 2110
GO T 2120
2100 IF(VSTORL(NPT).GL.Y) 30 TO 2120
2110 V3TORL(NPT)=Y
2120 IF(LIST.L2.9) SO 0O 2200
IF(T.t2.1) ~“RITL(6H,2211) TI.bk
2130 Jl=H1+4]
YY(MNl)=vY
IF(31.%L,10) GO 1O 2200
~RITL(A,2210) YY
Nl=N
G0 D 2200
2150 «RITL(65,2220) 1
Y=0Tuk
30 ) 2080
2200 COITINUL
IF(NIXLLIST.NL.0) VRICL(6,2210) (YY(I),I=1,N1)
I®(TO7, 1L NPTH) RETIRN
IF(ITER,LD,1)30 TO 2550
WwRITL(6,1501)
SRITL(6,1603)
IF(JXTRL.Y) 5,12,10
5 WwRITI (6,15056)
50 TO 1229
17 vitIPL(6,1507)
GO 'TO 1220
12 WRITL(6,1593)
0 TO 1220
1220 . RITL(6,1507)
Ji=9n
TI=:170PL
111=0
J13=1
0o 1300 1I=1,11
J=1
JJ=37J+1
15 N1=RLPLT(I,1)
NPT=HLPLT(I, 2)
N=NLPLT{I,3)
IF(I.5T.NTOLPL) GC TO 2500
TTITLE(JJ)=ICHAR(])
1N(JJ)=NPT
IITIPLE(JJ)=ICHAR(2)
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1709

2350

520
2210
2211
2220
15199
1600
1699
1601
1602
1603

(Continued)

IF(N.LT.0)IITI'CLi( JJ)=ICHAR(11)

LL=TAB3 (1)

IC(JJ)=ICHAR(4+LT)

TIC(JJ)=ICHAR(1D)

ICI(JJ)=ICHAR(12)

G0 TO 1700

ITITLE(JJ)=ICHAR(3)

TITITLE(JJ)=ICHAR(4)

IN{JJ)=NDT

IC1(JJ)=ICHAR(12)

IY(JJ)=N

IC(JJ)=TCHAR(10)

ITC{JJ)=ICHAR(10)

IF(JJ.LT.10.AND. . LT.NTOPL) GO TO 1300

ITI=1I1+3J

WRIPL(6,1500) ((ICI(III),(IIJ)),JII=JIG, I11)

JI5=J15+19)

IF(I.GT.NTOLPL, GO TO 75

WikITL(6,1500) ((I'PITLE(333),IN(IJJ),TIIC(JJT)),JId=1,3T)
ARITE(6,1699) ((IITITLL(IIZ),IC(II)),d3T=1,3T)

GO TO 156

VRITE(6,15604) ((I'PITLL(JJII),IN(IJIT),IC(JIJ)),TIT=1,1T)
URITL(6,1608) ((TTTTCLE(III),IY(IIT),1IC(IIT)) ,JId=1,T])
URITL(6,1605)

JJ=0

CONPINUE

JARITE(H,1562)

wRITE(6,15603)

ITLR=1

CALL TGRAPH

IT(IPTS-NPTS) 2310,2350,2310

NPTS=TPTS

IPT=0

GO TO 2005

NPPs=101

IPTS=IPT5-190

19T=0

GO PO 2005

CONPING

RETUR:

FORIAT(5X, 424T30 ~#ANY PLOTS RLOULSTLD ~AX NUJBER I3 60
FORAAT(5X,12612,.5)

FORUAT(//,5%, 25HDATA CALCULATLD AT TI«t =,F8.4)
FORGAT(5X, 450VALUL OF N IN 2000 SELCTINN OF COAP IS ZERO I=
FORAAT(4X,10(81,6d0RAPH , 14,14 ))

FORMAT(5X,10(N4,201  ,14,A2))

FORMAT(5X, 10(A4, 4H ,A2,210 )
FORAAT(101,42%,35HVARIASLES SLLECTED FOR OUTPUT PLOTS)
FORGAT(1.4L,53%, 13IHYTRAN OUTPUY)

FORIAT( 110)

7.1-7

+15)




7.1.7 (Continuec)

1604 FORGAT(SX,19(84,16,A2))

1405 FORAAT(1.1 )

1676 FORANT(29%, 71UVALULS
1IN THL TIL.il, INTLRVAL)

1507 FORGAT( 23X, 71HVALILS
2% 1L Tlak INTERVAL)

1508 FORLAT(21%,75iVALULS

PLOTTLD RLPRLSLNT
PLOTTLD REPRLSLNT

PLOTTLD RLPRLSLJT

30 AT LACH PLOT INTRRVAL)

I Wb

7.1-8
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7.2 SUBROUTINE TGRAPH

Subroutine TGRAPH produces print plots of the ocutput data stored in
VSTORE ( ).

Most computers will have their own version of this subroutine which
could be used if necessairy. However, ¢ince the plotted output is such an
integral part of HYTTHA, this subroutine has been added to avoid the problems
involved in changing from onc computer to another.

7.2.1 Theory ~ Not wpplicable.
7.2.2 Assumptions -~ Wot applicable.
7.2.3 Limitations

The program is executed one for each plot, up to the total number of
plots NTOPL. The LO 901 J = 1, NTOPL controls this loop.

The first section which sets the X scale, is only executed on the first
pass, when J = 1,

The program currently uses VSTORE (1) as XMIN and VSTORE (NPTS) as XMAX.

In the second section a DO loop is used to find the maximum and minimum
values of the Y data to be plotted, using the functions AMAX1 (YMAY, VSTORE,
(I+IADD)) and AMIN1 (YMIN, VSTORE (I+IADD)).

With the maximum and minimum values established, a check is made to see
if they are equal, if they are, 25 is added to YMAX, and YMIN is set at 50
less than that, to avoid a fruitless search for a suitable scale.

Subroutine SCALED is then called to obtain a preferred scale for the
Y axis, and returns with values for YMAX and YMIN.

The next suction finds the type of plot and sets the plot character,

P, Q, T or C and the data to be written at the bottom of the output plot.

7.2-1
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The routine then starts the output plot section by going to the top of
a new page, and proceeds to plot the output data, line by line until the plot
is complete.

At the bottom of the plot a descriptive line 1s written which gives the
line number and distance along the line for line pressure or flow plots or
the variable number and the component number if it is a component data plot.

The next printed line is the title of the run, which was inputted on
the first deta card.

When all the plots have been completed, a listing of the titles is

provided on the final page of the program output.
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7.2.4 Approximations

Not applicable.

7.2.5 Limitations

The basic limitation of a print plot is the number of points that can

be plotted on a single page graph and the resulting inaccuracy in reading

the graph. To an extent these limitations can be over come by use of the

MAX/MIN and LIST options noted in Section 8.0 of Volume I of this report.

7.2.& Variable Listing

Variable
AVS

DIST

I

IADD

=3

ICHAR
ICHAR( )
ISP

ISPACE( )

ITEST

SP

Description
Absolute Value of Vo
Distance of Plot Point Down a Line
Counter
Address J*NPTS
Plot Character
X and Y Axis Write Characters
Counter

Temporary Variable for Writing X and Y Axis
Scales

Counter

Counter Indicating Plot Number

Dummy Variable

Integer Counter for Plot Line Number

teger Value 1 or
ed as Indicator

it

I-‘
Us
Dummy Variable Representing Plot Character

Dummy Variable Representing Point at which
Line Plot is Taken or Component Number

Column Number Nearest to the Ith Value of
X- Variable

7.2-3
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7.2.6 (Continued)

Variable
VS

XaX

XDELTA

XMAX
XMIN
XSCALE
Y
YDELTA
YLAST
YLO
YMAX
YMIN

YUP

e Wt T vwm ek ¢ RYW A mwwemea a A vETRE

Description

Dummy Variable

Temporary Variable for Writing X Axis
Scale Values

Distance Between Stored Points on
X Axis

Last (Largest) X Axis Value

First (Lowest) X Axis Value

X Scale Range

Temporary Variable (Y Axis Scale Value)
Distance Between Stored Points on the Y Axis
Last Y Axis Scale Value

Lowest Value ia Search Range

Maximum Value to be Plotted

Minimum Value to be Plotted

Highest Value in Search Range

7.2-4
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7.2.7 Subroutine Listing

SUBROUTTINL T3RAPH
CH*a% QLUTSLD AUGUST 5, 1975 *%xx
COS.:ON DUI(3500) , VSTPOPL( 1)
COHGON /TRANS/P(300),0(300),C(300),TC(300),Tw(300),TF(300),
+ ACF(309),ACN(300),DXF(300),TInE,DLLT, PT,NLINE,NLL
CO. .ION /LIAIT/GNLINL, INLL, 4NLEG, xNNODL, ANPLOT, ANLPDS, iDS
COmtON /LINC/PARG(150,4),TLW(2000),TLF(2009),LSTART(150),
+ NLSLG(150)
COma0N /CORP/LTYPL(99) ,NC(99),KTEAP(99), IND, IeNTR
CO4.0N /PLOT/TITLE(20), PLTOLL, NPTS, IPOINT, ISTEP, TFINAL,NLPLT(61,3)
+ ,NA33 ), NTOPL,NTOLPL
DIILNSINN I3PACE(101),ISTR(2),XAX(6), ICUART(9)
DATA ICHART/1HO, 1P, 1dC, 1T, 11~, 18+,18 ,1H*, 147/
DATA ITL3T,XSCALE/0,0.0/
DATA ISTR/108 UPSTRLAN , 10HDOWNSTREAG/
oS BLGIN OUTLR LOOP. FIND X PARAAETERS ON FIRST PASS ONLY
1 DO 901 J=1, NTOPL
IADD=J*NPTS
IF(J.NL.1)GO TO 2
X JAX=VS TORE (N PTS)
XAIN=VSTORL (1)
I'TLST=I PL3T+1
IF(ITLST. N0, 1) XeAX=XAIN+XSCALE
XSCALE=XANK-XAIN

C CALL SCALED( XSAX, XNIN)
XDLLTA=( X:iAX~Y 11N) /190,
C--=- FIND Y PARAALTLRS
2 YaAX=VSTORU(1+IADD)
Yilid=YoAX

N 902 I=2, NPTE
YOAX=AUAXL(VaAX, VSTIORL(I+IADD))

902 Y. iIWN=AIN1(YaIn,VSTORL(I+TIANDD))
NAB50=0
IF(J.GT.NTOLPL.OR.NLPLT(T,1).G5.0) SO TO 905
IF(NA3SD.LO.0) GO TO 905
IS(YAINLGT.0) GO TO 9105
NASSN=1
IF(ARS(YCall),GT. YAX) YelAX=ADS(YaIN)

905 TR(YMAX.NL,YeIN)GO PO 9020
TAAX=1YAAX + 25.

YIAIN=VY.IiAKL - 50,
GO TO 9025

90210 AdAX = (YOAX+YAIN)*.001
TF( (YHAX=-YAIY).GT.ALAX) 30 TO 9025
Y4AX = YAAX+AUAX
YaIN = YAIN-ALAX

9025 CALL SCALLD(Y.mAX,YAIN)
YDLLTA=(YiAX-YaIN)/50.

Ca=—- FIND LINE/COePONENT YU#RBLR, TYPL OF PLOT, OUTPUT DATA

L=3LPLT(J,2)

7.2-5
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7.2.7 (Continued)

IF (J.GT.NTOLPL) S0 10 5
INNI=TA35(NLPLT(J,3))
NVAR=NLPLT(T, 3)
GO TO(4,3,730,730,730)1IN]
3 ICHAR=TCHART(1)
SO0 TY 6
4 ICHAR=ICHART(2)
GO 1) 6
730 ICHAR=ICHART(9)
30 M) 6
5 ICHAR=ICHART(3)

C-=e=- GO T TOP OF ULXT PAGL
6 wPITE(6,501)
C--=m~- LOG™ FOR LACH PLOT LINL,

Y=Y1AX + YOULTA
7 DO 907 LINL=1l, 51
YLASP=Y
Y=Y-YDLLTA
YUP=Y+YDLLTN\/2.
YLO=Y-YOLLTA/ 2.
Cmmmem FIPST + LAST CHAR., ON LIUL = *I*
ISPACL(1)=TICHART(4)
ISPACL(101)=ICHART(4)
Cm====FIST + LAST LIIL3 ALL *-=%, EXCEPT *+* IN 11,21,31,41,...,81,+91
IF(LTSE.MNi. 1l JAYD, LINL.NL.S51)GO T2 11
9 356G 999 15P=2,190
1IF((I5P-1).ED.(I5P=1)/10%19)30 7O 19
ISPACL(ISP)=ICHART(S)
GO TG 999
10 I3PACL(ISP)=ICHART(6)
909 CONTIUE
50 PO 14
Commmm INIPINI%ZL COL. 2-100 ON LINES 2-50 TO * *, OR *4————t=* IF AXIS
11 IF({.LL.0. LAUD.YLAST.GT.0.)GO TO 13
12 DO 912 13P=2, 170
12 T3PACL(ISP)=ICHAKT(T)
GO 1O 14
13 DO 913 1.5P=2,190
ISPACL(I5P)=ICHART(S)
913 IF((I3P=1).L0.(I5P-1}/19%10)I5PACL(I52)=TCHART(6)
Ce-—-= SEARCH Y-VALUL ARRAY FOR TrAOSE IN RAIGL YLO.LT.VALUL.GE.YUP
14 DO 914 I=1, 'PTS
VS 2VSPORL( T+IADY)
NCHAR=TCHAR
IF(VS.GT.TLO .AND. VS.LL.YUP)30 TO 145
IF(1ABS3.RE.1) GO TN 914
AWS=ABS(VS)
TR(AVS.LT. YLD, OR.AVS.GT. YUP) 50O TO 914
NCHAR=TICHART(R)
Commmm FIND COLUGN NUABLR NEAREST 'TO I-TH VALUL OF X-VARIARLE Wwobd 3CALLD

7.2-6




7.2.7 (Continued)

145 3P=(VSTURL(I)=XaTN)/XDLLTA + 1
IF(SP-AINT(SP).ST.0.50) 3P=3P + 0.50
I5P=5P
Comm~= CHLCK ISP, IV LT 0 Ok 57T 102, LRROR; I¥ 9, ADD 1; IF 1932, 5U9T. 1
IF(IsP) 214, 15, 15
15 IspP=1
50 TO 18
16 Ir(1I5P-192)18,17,914
17 15P=111
1R TISPACK (15P)=NCHAR
914 CONTINUL
Cmm==- LINES 1,11,21,31,41,+51 4AVL Y-VALULS; THwSk LIWLS, PLUS LINLL 6,
C 16,26,... LSO pBAVL *+* I~ COL. 14191 IF BE«PTY
IF({LINL-1).NL.(LINL=1)/5*5)50 10 19
I®(ISPACL(]1).NL,ICHAR) I5PACL(L1)=1CHART(6)
IF(ISPACE(191) JNL.ICHAR)ISPACL(101)=ICHART(6)
IF((LINL=1) NLo(LINE=1)/19*%10)GO TO 1)
Commmm WRITE OUY PLOT LINL, COJTINUL
WRIDTe(6,602)7, ISPACE
GO 12 997
19 WRITL{(6,503)15PACEH
997 CCIINUL
Cmwmmm CALCULATL + PRIV ¥=AX[s VALULS
20 M) 920 I=1l, 4
920 XAX(I)=XAId + {(I-1)*20.*XDLLTN
WRITH(A,604) XAX
C-v=m- WRITL LOWER TITLLS + VALULS, RLENTER OUTLw LOOP
% (J.57.31TOLPL)Y GO 0 23
II=I5TR(1])
IS (NVARGLLELD)II=T.3TR( LY
NN=IAB8s (1VAR)
GO TO(711,712,713,714,715)\N
711 “iRITL(6,506)7,11,L
GO TS 909
712 wRITL(6,505)7,11,L
G2 TO 901
713 WRITL(5,612)J.1IT,L
GO T2 N9
14 JRITE(A,613)3,11I,L
GO TO 900
715 WRITL(%5,614)7,11,L
G0 T2 900
23 WRITE(6,607)J,NLPLT(J,3),L
999 CONTINUL
WRITL(6,608)TITLL
9N1 CONTINUE
1009 ARITL(5,601)
ARITE(6,610)
NRITL(6,611)
IF(TIMLE.LT.TFINAL-DLLT) RETURN

7.2-7
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2.7 (Continued)

A

N 1280 J=1,NTOPL
L=NLPUT(J, 3)
IF(J.GT.NTOLPL) 50 TO 50
IT=I3TR(1)
IF(L.LT.D}II=T5TR{2)
NN=TA3S(L)
GO T™(701,702,703,794,705)\N
700 WRITL(6,606)3,11,8NLPLT(J,2)
GO TO 1250
792 wKITL(G6,605)7,11,6LPLT(J,2)
30 70 1259
793 wRITL(6,612)7,11,NLPLT(73,2)
50 T0 1250
774 WRITL(6,A13)],II,NLPLT(J,2)
G50 1 1250
705 wRITL(A,614)7,11,NLPLT(T,2)
S0 TO 1250
50 WRITL(6,607)J,NLPLT(T,3),NLPLT(J,2)
1250 CHONTINUL
601 FORGAT(1:H1)
692 TORUAT(1X,13X,F12.4,1%,101A1)
A03 FORGADT(1X,28%,10101)
604 FOFJGAT(IY,23%,5(F9%.3,11X),F9.3)
505 FORIAT(1X,28%,6HGRAPH ,13,1X,33H FLOw {(CU.IN/SEC) VS, TI«l (SLC,)
+,317,154 2 LIsL NUM3LR ,I5)
606 FORAAT(1X,28%,6HGKATH ,13,1X,3310 PRESSURL (PSIA) VS, TILhk (SLEC.)
+,A19,154 2% LIVL JUU3LR ,15)
12 FORIGAT(1IX, 28X,6HGRAPH ,T13,1X,4711 COU20ILNT TLAPLRATURL (DEG.F) VS
+. TLek (SLC.),ALN,1200 OF LINL NG, ,IS)
613 FORMAT(1YX,28%,AHGRAPH ,13,1X,438 FLUID TLOPLRATURE (DEG.F) VS, TI
+il (SLC.),ALl0,12H OF LINL NO.,TIS)
Hld FORIAT(1X,23%,6HGRAPH ,I3,1%,428 ALL TLwPLRATURE (DLG.F) VS. TIa
++ (SLC.),AL1D,124 OF LIwe NO.,I9)
607 FORIOAT(1X,28Y,3HGRAPH 13,1X,184 VARIABLRE NUABER ,I3,21H OF COJA20
+NENT VUORER L, 13,38k VE, PTeE (SLEC.). THL VARIABLE IS =--- )
608 FORINT(1X,28X,20A1)
610 TORGAT(L:d0,65%,27404YTRAN PROGRA. OUTPUT PLCTS)
611 TOrinT{14%)
RLTIRN
EAD
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7.3 SUBROUTINE SCALED

The subroutine SCALED is used by TGRAPH to obtain a preferred scale for
the X and Y axls of the print plot graphs.

The number of divisions on the X axis = 100 and the number of divisions
on the Y axis = 50, a oreferred scale system was chosen which would give a
difference between RMAX and RMIN of either 1.0*%10*%*N, 2,0*10%*N or 5.0%10**N
where N can Le +ve or -ve.

The graph data MAX and MIN is centered hetween RMAX and RMIN unless
either RMAX and RMIN can be set to zero.

An overriding requirement is that the scales should be at some reasonable
number for easy reading hence with a range of 5000, the MIN can be set at
intervals of 500, or range/10. This sometimes leads to a larger scale being
used than would expected from the actual range.

The goal hcowever was graphical readability and scalability without the
need to resort to a calculator to find the value of a point, and in meeting
this goal we have payed some penalty in the size of the actual graph.

7.3.1 Theory

Not applicable.
7.3.2 Assumptions
Not applicable.
7.3.3 Computation
See subroutine listing.

7.3.4 Appreoximation

Not arplicable.
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7.3.5 Limitations

In its present form SCALED gives inconsistent answers for small values

of RMAX and RMIN, and is not currently used to scale the X axis.

7.3.6 Varjahle Listing

Name
AMAX
AMIN

1BOT

TEMAX

IEXP

ITop

MANT

RANGE
RMAX
RMIN

SCALE(~)

Maximum value
Minimum value

Variable used
scale values.

Variable used
scale values

Variable used
scale values

Variable used
scale values

Description

to be plotted

Lo

to

to

to

to

Integer counter

Variable sed to calculate

scale values

te plotted

calculate Y axis

caiculate Y axis

calculate Y axis

calculate Y axis

-4

axis

Range of values to be plotted

Maximum Y axis scale value

Minimum Y axis scale value

Scale factors for Y axis

s

7.3-2
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7.3.7 Subtoutine Listing

7N

80

29

rn o ——— o rmwmene m = u ke R umrases W

SUBROUTINL SCALLD(RAAX, RITN) L‘"J
DIALNSION SCALL(6)

DATA SCALK/.5,1.,2.,%.,130.,20./

FiD TdE RANGL OF VALULS *RANGL*, AND PLACLEL ACTUAL 8AX AND «IN
POINTS IN *AOAX* AWD *AL1IN*

RANGL=RIAX-RIAT Y

AJdAK=RIAX

AT N=RIN

FIND AN INTLGLR LXPONENT *AILXP* AND BASL *IANT* sSUCH THANT THL
VALUL OF ANT**[i1XP 1o .5E. RANGL

T XP=ALIG1I)(RANSGL)

MANT=RANGE 710, *TLXD

IFCRANGE.GT.AAMNT* 10, **TLXP) oJANT=1ANT+]

Us NG AANY, SLLECT ONL OF THL PRLFERRED SCALLS
IRGANT.GT. 17) 50 TO 70

IF{-ANT.LT.1) S0 TO 70

50 T0(80,90,170,1900,190,1197,117,110,110,70), HANY

AANT=1

ILXP=TLXP+1
J=2

GO TO 1720

J ::3

GO TO 120
J=4

G O 129
J=5

SET *TraAX* LOUAL TC Ti% EXPONLNY JOF 10. CORKLSPONDING T RaAX
IF(RIAN.LOLD.) G0 10O 121

TLAAX=ALOGLO(ABS (F11AX))

USIE AGAYX ARND TEMAX TO FIND A POSSI3LE aAXTJAWU VALUL FOP hlb
SCALL. PLACL THi. VALUE IN ReAX, AHD CO4aPARL wITH Tk ACTUAL
AAXTIAUL POINT,
RoAX=INT{(ASS(AGAX) /10, * A TLaAX) ¥ 1), ¥ F TLAAX*SIGN( 1. 9, Aa0X)

IF{ RIAX.SELAJGAX)GO TO 130

IF RiAX I3 .LT. ACTUAL LAX POTYD, INCReNsE IT 3Y S

DURCENT AND RLCHLCK==RLPLAT A5 NLCLSSARY

RIAX=RUAK+, OS*SCALL( T)*1D,**TrXP

SO TC 121

SL Pl SCALL'S GINTOHIG Y SUSRACTINIG SCALL(IY**YILEP g 5uaaX
IF THL ACTUAL aldIA01 *A0T9*% LIS wITHIN THE RAGISL NOw DLFINLD
8Y k12¥ AND RaIN, COIITINUL.

PATi=RO0AX-SCALEK(J)*10,**TLXP

IF(R(IN.LL.AGINYGO TO 150

GO D POl NLET LDARGEST SCALK, RLCALCOLAT: RaIdN, ARD RLCHICXK
J=J'7'1

IF(J.LT.5.5)GO TO 130

J=1

ILXP=ILYP+1

GO T 1130

IF THL SCALLE'S AIN Is JLT. ZeRO, BUT Tdbk ACTJAL «iN I35 POSITIVE,
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(Continued)

SUHIMT b SCALL UP 39 'PHAT Tk SCALE BLGIMS AT ZLRO
TR{EATL*L T1GT.0,)G0 TO 170

R4IN=7,

RadX=5TA (J)Y*1),**TEKP

DUL TO Tar SdT= 7, TT +AY BE POSSI3LE TO DECRLASE T:HE SCALE T
T VL¥T S HALLEST STaL

IT(AAR AT, 1.009D01*5CALL(T-1)*LD, **TLXP) XETURN

J= =1

I7(J.GT. 1.5} %50 TO 150

J=4

TLXP=TLXP-1

GN TC 140

TP RilIn I3 POSITIVE AND OLEAR ZRRO, SHINT Tdbk SCALE DOwN T3 0. TN
IF(PLI I LT 0.)G0 TO 175

IT(RAGINV.ST. . IFRAIAX) SO O 180

kelIN=0,

RLAYSSCALT(J)*10, ¥ ¥ T XD

Iw ol SPT T D0dY CAUSEsS RaAX 19 LIL 3ELOu T4k ACTHUAL 1AX,
INCREASL T4t SCALE RANGL PO 'THQO NLXT LARZIEY
IF(RAAXJLT.AGAX) RUAX=3CALLE  J+1)*10 . **TLXP

RLTURR

IF RIAX TIs MEGATIVL AN NLAR ZLRO, SHIFT DL SCALYK UP TO 0. «AZ
TE{ROGAK.GL.N,) GO0 139

IF(~-RAAX.GT.~0.1*RGINY) GO TO 130

RYAK=0,

PAIN==SCALL{J)*1L).**ILYP

I¥ Ddb SilcaT JP CAUSLS Fald 7?0 LIk A3DVE THE ACTUAL oI,
IJCREASL Tul LSCALL RANGE TO T NLXT LARGLST
IC(RATLLSTNGIN) RaT i==0CALE(J+1)Y%10 **ILXP

RLTON

CLIT:R T SCALL ASOUT 0HE ACTUAL RANGH OF P0OINTS

ITOP={ £ AN=ALAX) /(DS *ECALL(T) *¥13.**LLXP)

I3O0=(AGT N~ TN /(LOS*SCALL(T)*1D.**1HXP)

I =(1OP-12G0) /0

IF(INIF,L7.0) e

PAT =G T~ IDIR* O0S*3CALL(I)*L). ** TLKP
RAX=eTIHSCAL (J) %10, %X TLXP

RETIRN

LaAD
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8.0 UTILLTY SUBROUTINES

The utility subroutines have been added to avoid some of the annoying
problems encountered when a program is transferred to another system which
may have similar but incompatible library routines.

INTERP and DISER1 both of which started as library routires, have been
modified to cut running costs wherever possible.

A skilled user can probably replace INTERP, DISER1, SIMULT, XLIMIT, and
TGAUSS with local library routines and operate efficiently.

LAGRAN, UTW and FRIC are specialized subprograms developed for use in
HYTTHA. The LAGRAN subroutinz not only interpolates data points but
compu es viscosity aund a viscosity pressure correction factor. Functicn

UFW provides a heat transfer coefficient, and FRIC give laminar and turbulent

flow coefficients.

8.0-1




8.1 INTERP SUBROUTINE

The INTERP subroutine provides interpolation for continuous or discon-
tinuous functions of the form Y = £(X). INTERP is a shortened version of a
MCAUTO library functional subroutine named DISCOT.

INTERP uses two other subroutines, DISER1 and LAGRAN, to derive the depen-
dent variable from tabulated data input by the programmer or already existing in

the program subroutine. Subroutine DISER1 gives the data points around the X vari-

able. Lagrange's interpolation formula is used in the subroutine LAGRAN to

obtain a Y value. For an X value lying outside the range of the tabulated

data, the Y value will be extrapolated. Fluid viscosities are calculated

using a modified Walther equation (Reference 9.5).

8.1.1 Solution Method. The INTERP subroutine provides the necessary control

parameters to DISER]l and LAGRAN to yield a dependent variable. The sub- ‘

routine arguments are:

Subroutine INTERP (X, TABX, TABY, NC, NY, Y, IND)

where:

X - Argument of function Y = f(X)
TABX - X array of independent variables in ascending order
TABY - Y array of dependent variables in ascending order
“NC - Control word

Tens Digit - Degree of interpolation

Units Digit - = ] Walther equation

= 0 LAGRAN interpolation

NY ~ Number of data points in the Y array
Y - Dependent variable

8.1-1
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IND - Error indicator

0 = Normal interpolation

1 = Extrapolation outside range of data points.,
8.1.2 Assumptions. Not applicable
8.1.3 Computations. The degree of interpolation will be decoded from the
contrel word NC in the INTERP subroutine argument and passed to DISER1. The
error indicator IND is set to zero. On finding the data point closest to the X
value from DISER] it is entered into the LAGRAN subroutine argument. If the
modified Walther equation is to be used for a viscosity calculatilon, IDX will
be set equal to ~1,

8.1.4 Approximations. Not applicable

8.1.5 Limitations. The X and Y data peints must be entered in an ascending
order. When tabulating a discontinuous function the independent variable (X)
at the point of discontinuity is repeated, i.e.,

Xps Xy, Xy, X X

3’ Xl‘)

1 Yy Yy, Y X

22 7y 5

Y Y

5 76
Thus for discontinuous functions there must be K + 1 points above and below

the discontinuity, where K is the degree of intarpolation.
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8.1.6 TINTERP Variable Names.

Variables
IDX

IND

NC
NPX

NPX1

TABX
TABY

X, XA

Description

Degree of interpolation
Solution indicator
= 0 Normal interpolation
= 1 Extrapolation outside of data range
Control word
Dummy array

Location of data point X, Y for interpolation

Number of Y data points
X array of data points

Y array of data points

Independent variable

Dependent variable

8.1-3
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8.1.7 Subroutine Listing

SUBROUTINL INTERP(X,TABX,TABY,NC,NY,Y,IND)
DIMENSION TABX(1),TABY(1),NPX(8)
INX=(NC-(NC/100)*100)/19

IND=0

SA=X

CALL DISLRI(XA,TABX,1,dY,IDX,NPX,IND)
NPX1=4PX(1)

IR({(NC-IDX*10).L0.1)IDX=-1
IF((NC-IDX*10).EQ.2)IDX==-2

CALL LAGRAN(XA,TABX(NPX1),TABY(uwPX1),IDX+1,Y)
KLTURN

END
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8.2 DISER1 SUBROUTINE

The subroutine DISER1 will return the array location of the lower bound
value of the interval in which the independent variable lies. DISERL is a
modification of a MCAUTO librury subroutinre named DISSER,

The arguments for the DTSER1 subroutine are as follows:

Subroutine DISER1 (XA, TAB, I, NX, Iv, NPX, TND)

XA - Independent variable

TAB - X array

I ~ Tabulated data location

NX -~ Number of points in the independent array

ID - Degree of interpolation

NPX - Location of lower bound for data point XA, in the TAB array

IND - Indicator

8.2.1 -Solution Method. Not applicable

8.2.2 Assumptions. Not applicable

8.2.3 Computations. On entry of the independent variable, XA, and the tabu-
lated data form the TABX array, DISERL will find the tabulated data values
that bound XA, and return the smaller one to the calling program. T1f XA were
to lie outside the lower end of the data, DISER1l would return the first data
point as the lower bound. Should XA lie outside the upper tabulated value,
the second from the last data point location will be returned by DISERL.

8.2.4 Approximations. Not applicable

8.2.5 Limitations. Not applicable
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8.2.6 DISERL Variable

Names

Variable

IND

I, IDb, IT, J, NLOC,
NLOW, NPB, NPT, NPU,
NPX, NUPP, NX, NXX
TAB

XA

Description

Solution indicator

Integer counters

Array of independent variables

Independent variable

8.2-2
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8.3 LAGRAN SUBROUTINE

The LAGRAN subroutine will interpolate or extrapolate a data point from
two known tabulated values. In addition, LA"RAN will calculate viscosity using
a modified Walther equation. The LAGRAN subroutine arguments are:

Subroutine LAGRAN (XA, X, Y, N, ANS)

XA - Independent variable

X - X array

Y =~ Y array

N - Degree of interpolation
ANS - Dependent varaible

8.3.1 Math Model. LAGRANGES interpolation equation is used in this subroutine

to calculate the dependent variable. The LAGRANGE formula is:
m

P(x) =% L, (x)y (1)
oo 1 1

Where:

Ly (x) is the Lagrange multiplier function.

Lt - (x-x) (x—xl)'°'(x—xi_l) (x-xi+l)"'(x-xn)
1 (xy=xg) Geymx) oo gy g) (egmxyg) 07 (rgmx)

(2)

The LAGRANGE equation will generate a polynomial between two data points.
The degree of the polynominal will be that specified by the index value N.
The dependent variable will be returned as ANS in the subroutine argument.
A modified version of the Walther equation taken from Reference 9.6 is used
in the calculation of viscosity. The ASTM charts are based on this equation.
LOG [LOG (v4¢) ] = A LOG °R + B 3)
Where:

¢ = a constzant
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°R = Tl'emperature, °RANKINE

v Viscosity, cSt
A,B = Constants for each fluid
LOG = Log to the base 10

The ASTM chart expresses c as a constant varying from 0.75 at 0.4 cSt to 0.6
at 1.5 cSt and above.
8.3.2 Assumptions. The Lagrangian equation generated by the subroutine will
only use the data points around the dependent variable to genevate a polynomial
for interpolation. The last or first set of two data points will be used
for extrapolation. The equation used to determine the viscosity uses &
constant factor that is applicable to vi:cosity values of 2 centistokes or more.
8.3.3 Computation. The procedure LAGRAN will perform whether it be inter~
polation or the viscosity calculation, will always be recognized by testing
the N argument in the subroutine statement. If N is equal to zero, then the
viscosity will be calculated using the modified Walther equation. Otherwise
N will specify the degree of interpolation to be used by the Lagrange formula.
Both results will be returned to the calling program through the variable
named ANS. The LAGRAN interpolation is a direct applicaiion of equation (1)
to the given data.

Before evaluating the viscosity equation (3) for the viscosity value a:t
XA temperature, the constants A and B must be calculated. They ere solved
using the data points that surround the dependent variable, or the first or
last set of twe data points if the dependent variable lies outside the range
of the tabulated data. With the constants calculated for this fluid the
viscosity can be computed from Equation (3).
8.3.4 Approximations. 1In the viscosity calculation, 0.6 was used as a
constant factor for all ranges of viscosity. See reference 9.6 for a more

thorough discussion.
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8.3.5 Limitations. Since the LAGRANGE method only uses two data points to
interpolate it can become inaccurate for remotely spaced tabulated data
points. Any degree of inzerpolation greater than two can lead to erroneous
results,

For the viscosity equation, any computed value of viscosity less than
2 centistokes cannot be considered accurate, and should be welghed
in the final results.

8.3.6 LAGRAN Subruutine Variable Names

Variable Description Dimensions
A Constant for viscosity -
ANS Dependent variable -
B Constant for viscosity -
I,J Integer counters -
N Method of solution -

N = 0 Viscosity calculation

N > 0 Degree of interpolation

PROD Lagrange partial product -
P1 LOG LOG of (Y (1) + C) ' cSt
) LOG LOG of (Y (2) + C) cSt
Tl LOG of T (1) °R
T2 LOG of T (2) °R
X X-array -
X4 Independent variable -
b4 Y-array -
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8.3.7 Subroutine Listing

SUBROUTINE LAGRAN(XA,X,Y,N,ANS)
DIMLNSION X(1),Y(1l)
IF(N.LQ.~1) GO TO 20
IF(N.EQ.0)GO TO 10 -
SU=0.,0
DO 3 I=1,N
PROD=Y(1I)
po 2 J=1,N
A=X(1)-X(J)
IF(A) 1,2,1
1l B=(XA-X(J))/A
PROD=PROD*3
CONTINUL
S0M=SUM+PROD
ANS=56U
RLTURN
C VISCOSITY CALCULATION
10 CONTINUL
A1=0,
IF(Y(1) .LE.2.)AL1=EXP{~1,47-1.84*Y(1)~.51*Y(1)**2)
A2=0),
IF(Y(2) . LE.2.)A2=EXP(-1.47~1,84*%Y(2)=,51*7(2)**2)
P1=ALOGLIO(ALOCLIO(Y{1)+.7+Al))
P2=ALOGLIO(ALNGLIN(Y(2)+.7+A2))
T1=ALOGIO(X%X({1)+460.)
T2=ALOGL1O(X(2)+460.)
3=(P1-7P2)/(T2-Tl)
A=P1l+3*T1
2=10** () O0**(A-3*ALOG10(XA+460.)))
IF(2.1F.2.7)G0 TO 11
ANS=Z2-.]
RETUERN
11 ANS=(2-.7)-LXP(~-.7487-3,295%(2~,7)4+.6119%(2-,7)**2
+=,3103*%(2-,7)**3)
RLTCRI
FLUIDL CALCULATION
20 CONTINUL
P1=ALOGIN(ALIG1O(Y(1)+.6))
PZ=ALOGIN(ALICLIO(Y(2)+.6))
T1=ALIG10(X(1)+460,)
T2=ALOG10(X(2)+460.)
B=(P1-P2)/(T2~T1)
A=P1+3*T1
VO=10**x (1 0**(A-B*ALOGL1N({ XA+460.)))-.6
PTH=10%*((,125989+A)/8B)
T1000=1N**((~,4771%9+A)/B)
S=ALOG1A((D5)/100,+1.)-ALOGLO((T1300)/100.+1)
DLLX=65.10979*3
S=6.565/DLLX
ALPINA=3.23523~11.3886*5+13,1735*5*%5-4,.8881*3*%5+5

W N

(@
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8.4 SIMULT SUBROUTINE

A
SIMULT 1is a Fortran library subroutine (R~fecrcnca 9.7)

systems of N linear algebraic equations with N unknowns. SIMULT employs
Gaussian elimination and positioning for size using the largest pivotal

divisor as the solution process.

8.4.1 Solution Method - A system of linear equations may be written:

ajixy + aj9%X9 + . .+ Ay Xy, ™ b].

azix) +tagxpy + . . +apy, x  =by

- . . (1)

| amiX] tapxy t. . tap e, o= b,
Rewriting in matrix form:
(au a2 . . aj I X1~ [ blw '
. a1 Apo . . X9 boy (2)
Laml am2 Amm | axm- bbm—
. Equation (2) may be further simplified by writing:
AX = B (3)
where

A=M%*MMatrix of coefficilents
B=M Matrix of Constants

X =M Matrix of M unknowns in the system.
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The solution of a set of simultaneous linear equaticns as in (1) is
by Gaussian elimination wsing pivcting. Each stage of elimination conwsists
of interchanging rcws when necessary to avoid division by zero or small
elements. The forward solution to obtain variable M is done in M stages.
The back solution for the other variables is calculated by successive substi-~
tutions. Final solution values are developed in matrix B, with variable 1
in B(1l), variable 2 in B(2),..., variable M in B(M). If no pivot can be
found exceeding a tolerance of 0.0, the matrix is considered singular.
The arguments tor SIMULT are as follows:
Subroutine SIMULT (CALCl, CALC2, M, J)
where:
CALCL = A
CALC2 = B

byl

1}

number of equations

J solution indicator

J = 1 when no solution can be found - equations are
singular

J =0 for a normal solution
Both the original CALC1l and CALC2 Matrices are destroyed in the computation.
The answers are returned through the CALC2 Matrix.
8.4.2 Assumptions - The basic assumption used in the colution of simultaneous
linear equations involves the ability to actually linearize the complex
mathematical system that is being described. If this can reasonably be

done then a set of equations as in (1) may be written and solved.
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8.4.3 Computation - Gaussian elimination and positioning for size using the
largest pivotal divisor is used. Pusitioning for size or pivoting will
ordinarily reduce some of the roundoff errors in the solution and may
actually allow some 1ll-conditioned systems to be solved. See Appendix

D SSFAN Technical Manual (MDC A3059 Vol 1I) for a more thorough discussion
of this method.

8.4.4 Approximations - The approximations are inherent in the use of the

Gaussian elimination procedure as described in Appendix D of the SSFAN Tech“~
nical Manual.

8.4.5 Limitations - If no equation in the set (1) is a linear combination
of the others, the system of equations is said to be linearly independent

and a unique solution exists for the unknowns. A system of equations are

homogeneous if each bj in B (EQN 2) is equal to zero. The Gaussian
elimination method will provide a unique solution to equation (3) when
the corresponding homogenous system has only the solution X = 0. Both
systems AX = B and AX = 0 as well as the coefficient matrix A are then
termed non-singular. When AX = 0 has solutions other than zero, the two
systems and matrix A are termed singular. This results in AX =~ B either

having no solution or an infinite number of solutionmns.
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8.4.6 SIMULT

Subroutine Variable Names

Variables
A
B

BIGA

IA,1B,1C,1J
IMAX, IQS,IT
IX,IXJ, IXJX,

Description

N*N Matrix of Coefficients
N matrix of constants
Largest element

Integer counters

11,12,J,J3,JJ%,

JX,JY,K,NY
N
SAVE

TOL

Number of unknowns
Temporary storage location

Tolerance

8. 44
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§.5 TGAUSS SUBROUTINE

TGAUSS is a subroutine for in-core solution of large, sparse systems

of linear equations (Reference 9.8). The subprogram employs minimum row

minimum column elimination. A limited number of zeros is stored and trivial

arithmetic is used to preserve computer storage and to reduce the time required

for solution. TGAUSS is used in conjunction with TCALC to obtain the system

flows and pressures,

8.5.1 Solution Method

Excellent discussions on the Gauss-Jordan elimination technique can be found
in many numerical analysis textbooks. Briefly the method is based on the three

elementary row operations:

1. 1Interchange of aay two rows.
2. Multiplication of a row by a scalar.
3. Addition of a multiple of one row to another row,

For example by applying a sequence of row transformations to a system of

simultaneous equations

a xl+ dy9%, + ...+ almxm = b1
ajs ¥ + d99X9 +... + amXm = b2
amlx1 + am2x2+...+ ammxm = bm
Expressed in augmented form
- .
a1 2 m ;D
a1 8 dm 1 by
aml a2 4m bm
- -
Yields

1]
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in each row (IRENT()) and the number of nen-zero elements in each column
(ICENT()) of an N x N array. These arrays are updated ecach time an element
is eliminated or generated, so that the current row and column count are
available for pivot selection.

In TGAUSS the IRENT array is searched to find the row with the least
number of non-zero coefficients that has not been previously selected as
the pivotal row. Should two or more rows satisfy this criteria, the row
with the smallest row index is selected. Next the ICENT array is searched
to select the column with least number of entries. Tn the event that two
or more columns contain the same numbe- of elements, the column with the
srallest index is selected as the pivotal column.

Each row-column selection is thes used in the iack substitution to obtain
the solution.

8.5.2 Assumptions - Not applicable.

where T is the identity matrix and X is the solutien. The Gauss
elimination techanique used in TGAI'™S requires elimination of only the elements
in the upper or lower triangular partition of the array which is followed by
4 back substitution to obtain the solution.

Two arravs are generated that contain the number of non-zero elements

N
(V%]

Computation 1 entry into TCAUSS the numher of non-zero elements in

each column and row of the M x M solution matrix is stored in TCENT( ) and IRENT( ).
At this noint the remainder of the program is contained within threo nested

loops. The outer loop selects a new pivotal element on each pass. The pivot

element is stored in the order array for future use during subsequent iterations

in the TCALL program. This is a (im: saving device to eliminate the necessity

of selecting the same sequence of pivot elements on each iteration. Once the

pivotal element has been sclected, the pivotal row is normalized by dividing

8.5-2
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the row by the pivotal element. Since the pivotal element s normalized,
it is set to one as a precaution against round-off errors.

The second loop is entered, which involves a row-by-row search for rows
containing elements in the pivotal column. If the number of ent:iies in
the pivotal celumn has been reduced to one entry, there is no need to
continue and the program selects a new pivotal element. Also if the pivotal
row is selected all further tests are bypassed and the next row is
selected since operations on the pivotal row are not permitted.

Finally, the inner loop is a column-by-column search of each row to
determine if the row contains the pivotal element. At this point, there
are three alternatives available:

1. 1If the column index in the row being searched is less than the
pivotal column, it is necessary to continue searching the row,

2. If the column index is greater than the pivotal column, the row
does not contain the pivotal column and a new row must be selected.

3. If the column index is equal to the pivotal column, the row
contains the pivotal element and the row can be operated on by the
pivotal row.

=

f the conditions in 3 are met, the pivotal row is multiplied by the
negative of the element in the pivotal column of the row being operated on.
I'hen the two rows are added. The element being eliminated is simply dropped
from consideration by moving all entrics to {ts right one space to the left.
All elements remaining in the row are compared to ZTEST to see if any elements
other han the element in the pivotal column werc e)iminated. 1f so, the row
was further compressed to eliminate the zero entry from the row. Finally, the
row is test . to seve if tle row count is zero which indicates a singularitv,
If a singul ity is encountered an error message is printed:

* SINGULAR MATR1X-NO SOLUTION*
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If a singularitv is not encountered, the progrm continues looping until

a pivotal element has been selected from each row and column, at this point,
the solution vector is stored in the CALC2 array in a scrambled order. The
solution is then unscrambled and stored in numerical order in the first
column of the A( ) array.

8.5.4 Approximations - In situations where it is known that an operation
will result in a zero or a one, the arithmetic operaticn is bypassed and

the element simplv set to zero or one.

8.5.5 Limitations ~ TGAUSS is set up to solve only sparse symmetric svstems
of linear equations.

8.5.6 TGAUSS Variable Listing

Variable Description Dimension
AC ) Matrix of coefficients —
ATEST Dummy variable -
CALC2( ) NU matrix of constants -
1C,11,IK Dummy variables -
ICENT( ) Array containing number of non-zero elements -—

in each column of A( )

TORDER( ) Array giving pivot selection based on min-row -
min column criteria

IRENT( ) Array containing number of non-zero elements -
in each row of A( )

ITER [teration count -
IX,1Y,J,JKL, Dummy variables -
JKOP,JKPT,LKJ,

NAA ,NK

NU Number of equations —
OPROW Dummy variable -
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Variable
PIVCOL
PTIVROW

X,ZTEST

Pivot
Pivot

Dummy

column

Tow

variables

Description
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8.5.7 Subroutine Listing

SUBROUTINE TGAUSS(NU,ITER)
DOUBLE PRECISION C,X,A,CALC2
INTEGER PIVROW,PIVCOL,OPROW
COMHON G(90),CALC2(55),JPCOL(55,20),A(55,20)
COMON/ICC/ICOL(55,20) ,JRENT(55) ,JCENT(55)
DIMENSION ICENT(100),IRENT(100),IORDER(100,3)
ZTEST1=0.0
NAA=20
C BUILD IRENT AND ICENT
DC 99 I=1,NU
IRENT(I)=JRLNT(I®
ICENT(I)=JCENT(I)
99 CONTINUL
C WRITL(6,9010) (IRENT(I),I=1,100)
c WRITL(6,9010) (ICENT(I),I=1,100)
9019 FORIAT(1X,2016)
C IF(ITER.CT.1)WRITE(6,9020)((IORDLR(I,J),J=1,3),I=1,NU)
9020 FOR(IAT(1X,6I110)
DO 6K LKJ=1,NU
IF(ITER.NL.1) GO TO 432
IK=120000
DO 103 T=1,NU
IF(IRLCNT(1).GL,IK.OR.,IRENT(I).LE.0)GO TO 103
PIVROW=1I
IK=IRLNT(I)
103 CONTINUE
TORDLR(LKJ, 1)=PIVROv
IX=100000
IC=1IRLNT(PIVROW)
DO 194 1=1,1IC
II=ICOL(PIVROW,I)
IF(ICENT(II).GE.IX.OR.ICENRT(II).LE.0)GO TG 104
PIVCOL=11
IX=ICLENT(II)
I1Y=1
174 CONTI.IUE
IORDLR(LKJ, 2)=PIVCOL

INRDLR{L¥J,3)=1I"

GO TO 450

432 PIVROw=IORDLER(LKJ,1)
P1VCOL=IORDER({LKJ, 2)
IY=IORDER(LXJ, 3)

450 X=A(PIVROW,IY)
IC=IRLNT(PIVROW)
DO 5 J=1,IC

5 A(PIVROwW,1)=A(PIVROW,J) /X
A(PIVROw,IY)=1,0
CALC2(PIVROW)=CALC2(PIVROW) /X
DO 196 I=1,NU
IF(ICENT(PIVCOL).EQ.1)GO TO 197
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8.5.7 (Continned)

IF(I.EQ.PIVROW) GO TO 106
IC=IABS(IRENT(I))
DO 105 J=1,1IC
IF(ICOL(I,J)~PIVCOL) 105,77,106

77 OPROW=1I
JROP=1
JKPI=1
C=-A(OPROW, J)
X=CALC2(PIVROW) *C+CALC 2(OPROW)
CALC2(OPROW) =X

79  CONTINUE
IF(ICOL(PIVROW,JKPI).EQ.0) GO TO 106
IF(ICOL(OPROW,JKOP) . EQ.0) GO TO 80
IF(ICOL(PIVROVi,JKPT)~-ICOL(OPROW,JKOP)) 80,81,82

80  IRENT(I)=IRENT(I)+1
IF(IRENT(I).LE.C) IRENT(I)=IRENT(I)-2
II=IABS{1RENT(I))
IF(II.GT.NAA)WRITE(6,9000)I1

9000 FORWAT(10X,*EXCLEDED »iAX COLUMN NUMBER*,I10)

IF(I1.GT.NAA)STOP
JKL=JKOP+1

90  CONTINUL
IX=11I-1
A{OPROW,IT)=A(OFROW,IX)
ICOL(OPROW,I1)=ICOL(OPROW, IX)
II=1IX
IF(II.GE.JKL) GO TO 90
¥=A(PIVROW,JKPI)*C
A(OPROW, JKOP) =X
ICOL(OPROW,JKOP)=ICOL( PIVROW,JKPI)
IX=ICOL(OPROW,JKOP)
ICENT(IX)=ICENT(IX)+1
GO TO R3

81  IX=ICOL({OPROV,JKOP)
IF(IX.EQ.PIVCOL) GO TO 11
X=A(PIVROW,J%PT)*C+A(OPROW, JKOP)
A(OPROW, JKCE) =X
ATL3T=DABS(X)-2TEST
IF(ATLST.GT.0.0)GO TO 83

11  ICENT(IX)=ICENT(IX)-1
TRENT(OPROwW) =IRENT({OPROW) -1
IF(IRENTD(OPROW))140,141,142

141 CONTINUE
WRITE(6,9030)

9020 FORH4AT(10X,*SINGULAR {IATRIX~-NO SOLUTION*)

STOP

140 CONTINUL
IRENT(OPROv ) =IRENT (OPROW) +2

142 IX=IABS(IRLNT(OPROW))
DO 181 NK=KOP,IX
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8.5.7

181

83
R2

105

106
107

66

351
9040

(Continued)

A(I, NK)=A(I,NK+1)
ICOL(I,NK)=ICOL(I,NK+1)
IX=1IX+1

ICOL(I,IX)=0

JKPI=JKPI+1

GO TO 79

JKPI=JKPI+1

JKOP=JKOP+1

GO TO 79

CONTINUE

CONTINUE

CONTINUE
IRENT(PIVROV)=~IRENT(PIVROW)
ICENT(PIVCOL)=-ICENT(PIVCOL)
CONTINUE

DO 350 I=1,NU

II=ICOL(I,1)
A(II,1)=CALC2(I)
WRITE(6,9040) (CALC2(I),I=1,NU)
FORMAT(1X,10E12.5)

RETURN

END
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8.6 FUNCTION UFW

Function UFW is a heat transfer coefficlent calculation subroutine.
The heat transfer coefficient between a wall and a fluid is calculated
based on the volume flow rate, pressure, t.mperature, cross scctional area
of the fluid and the distance over which the fluid flows.
8.6.1 Math Model ~ The function rcutine UFW is called by several of
the subroutines listed previously. The function is called from each subroutine
in the form

UFWIL = UFW(AAA,DDD,Q(LI),TF(LT),P(LL))
AMA is equal to the cross sectional area of the fluid at the locatiovn where
the heat transfer coeff{icient is of interest. DDD is the diameter orf the
orifice at the previous cross section. Q(LI) is the volume flow rate also
at that section; TF(LI) is the temperature of the fluid and P(LI) is the
pressure in the fluid at that point.

Once UFW is called from a subroutine the function UFW is executed
and calculates the heat transfer coefficient as follows:

The feynolds number is calcuiated

REN = DDD*ABS(FLOW)/{VISCTIL*AAA)

where flow is equal tc Q(LI), the volume flow rate, and VISCIL is the
fluid viscosity.

The Prandtt number is calculated

PRN = VISCIL*386.4*RHOIL (TEMF,PRESS)*CPFN/CF

where 386.4 is just a conversior factor for the density from Hydraulic
units to thermal units of lb./in.3.

A check on the Reynolds number is made to see if turbulent or laminar
flow exists.

IF(REN.LT. 1200.) go to 1000
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If laminar or less than 1200 the heat transfer coefticient
calculated

UFW = 4.364%CF/DDD

is

But if turbulent then the heat transfer coefficient is calculated as

UFW=0,0118% (PRN**, 3) * (REN**,9)*CF/DDhD

The heat transfer coefficient is then returned to the subroutine

which made the call,

8.6.2 Variable Listing

Variable Description

AAA Fluid cross sectional area

DDD Diameter of the cross sectional area

FLOW Volume flew rate in the considered section
PRESS Fluid pressure

PRN Prandt] number

REN Reynolds number

UFW Heat transfer coeff{icient, fluid to wall
VISCIL Fluid viscosity

8.6-2
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8.6.3

C * &

1900

Subroutine Listing

FUNCTION UFW{AAA,DDD,FLOW, TELAP PRESS)

Khkkxkkxkx  CACULATE HLAT TRANSFER COEFFICILNT  rhkdkdkkk
CO.1a0 /TRANS/P(1300) .2(300),C(300),TC(300),TW(300),TF(300),
+ ACF(300),ACH(300),DXF(300),TLikL,DELT, PI,NLINL,NLL
COMGON/LINE/PARI(15D,4),TLW(2900),TLF(2000), LSTART(150) ,HL3LG(150)
COGON/FLUID/ATPRES,CF,CPFN, FTE P, PROP( 13, 3)
VISCIL=VISC(TL.iP, PRLL3S)

REN=DDD*ARS( FLOW) /(VISCIL*AAA)
PRN=VISCIL*386,4*RHO(TLIP, PRESS) *CPFN/CF

IF(REN.LT.1200.) 30 TO 1000
UFiv=0,01198%(PRN** [ 3)* (REN** Q) *CF/DDD

RLTURN

UFW=4,364*CF/DDD

RETUR"N

LND
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8.7 SUBROUTINE XLIMIT

XLIMIT {s a utility subroutine which provides the calling program with
information to determine if a limit has been reached. The subroutine is
typically used for components with mechanical movement and returns position
and velocity data.

8.7.1 MATH MODEL

Not applicable.
8.7.2 ASSUMPTIONS

Not applicable.

8.7.3 COMPUTATION METHOD

Minimum (POSMIN) and maximum (POSMAX) limits are input along with the
current values of position (POS) and velocity (VEL) from the calling
program. Initially the sign is set to zero and the position is compared
against POSMAX.

If POS is greater than or equal to POSMAX, the position is set to
POSMAX and ASIGN is set to 1. Should VEL be greater than zero it is zeroed
and a return is made ro the calling program.

If POS is less than POSMAX it is checked against POSMIN. When POS is
less than or equal to POSMIN, POS is set to POSMIN, ASLGN equals -1 and the
velocity is zeroced if it is less than zero.

Should POS be greater than POSMIN a return is made tn the calling
program without any position or velocity chenges.

8.7.4 APPROXIMATIONS

Not applicable.
8.7.5 LIMITATIONS

Not applicable.



8.7.6 VARIABLE NAMES

ASIGN

POS

POSMIN

POSMAX

VEL

Variable

Sign (-1, 0, 1)
Position

Minimum Position
Maximum Position

Velocity

Description
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8.7.7 Subroutine Listing

19

21
30

40
50

SH3ROUTINE XLIaIT(POS,VLL,ASIGN, POSIHIIN, POSHAX)

ASIGN=0,0
IF(POS~-PASMAX) 20,10,10
PO5=POSAAX

ASIGN=1.,0
IF(VLL.GT.0.0) GO TN 40
GC TO 59

I¥»( POS~PUsAIN) 30,30,50
POS=POS1IN

ASIGN=-1.0
IF(VLL.GE.N.0) GO TO 50
VLL=0.0

Rt TURN

LEND
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8.8 FUNCTION FRIC

FRIC is a function subroutine that is used to calculate steady
state {low-pressure drop coefficients for laminar and turbulent flows.
8.8.1 Math Model - Steady state pressure drops are computed using the
Darcy-Weisbach equation. For laminar flow
FRIC = 128./PL*VISC( )*RHO( )/ (PARM(KNEL,2)*%*4)
* (PARM(KNEL,1) + PARM(KNEL,3))

For turbulent flow

FRIC = .213*RHO( ) %(V1SC( )**.25)/(PARM(KNEL,2)#%%4.75)
* (PAKM (KNEL, 1 )+PARM(KNEL,3))

where

PARM(KNEL,1) Line length (IN)
PARM(KNEL,2) = inside line diameter (IN)
PARM(KNEL,3) = equivalent line length (IN)

8.8.2 Assumptions -

1. Transicion from laminar to turbulent flow is assumed to occur
at a Reynolds number of 1200. Flows having a Reynolds number greater
than 1200 are considered turbulent while flows having a Reynolds of 1200
or less are assumed laminar.

2. The friction factors used are based on circular cross-section,

smooth J.D., drawn tubing.

8.8.3 Computation Methods - Function FRIC arguments are

KNEL - Line number
TEMP - Line temperature (°F)

PRESS - Line pressure (PSI)
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The functlon returns cither a lamirar or turbulent coefficrent for

use in a flow-pressure drop equation.

8.8.4 Approximations - Pressure drops calculated for flows in the Reynolds

number range of 1200 to 3000 are approximate since a transition flow equation
was not developed. The turbulent equatfon is used in this range.
8.8.5 Limitations ~ FRIC should not be used to calculate pressure drops

across non~-circular cross section passages or across rough I.D. tubing.
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8.8.6 Subroutine Listing

FUNCTION FRIC(KNLL,TE:(P,PRLSS)
C *** RLVISED AUGUST 15, 1976 ***

CO.140N /TRANS/P(300),0(300),C(300),TC(300),T(300),TF(300),
+ ACF(300),ACW(300),DXF(300),TIsNkL,DLLT, PT,NLINE,NLL

COWuON /LINL/PARG(150,4),TLW(2000),TLF(2000),LSTART(150),
+ NLSLG(150)

LMTRY PRICL
FRIC=128./PI*VISC(TLaP, PRESS)*RAO( TP, PRLSS)/( PARM(XNLL, 2) **4,)
+ *(PARA(KNLL, 1) +PARG(KILL, 3))

RETURN

LNTRY FRICT

FRIC=.213*RUO(T: 4P, PRL3S) *(VISC(ThuP, PRLSS) ** . 25)/ ( PARe( KNEL, 2)
+ *%4_,75)% (PAR( KNEL, 1} +PARG(KNEL, 3))

KLTURN

END
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